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MONADNOCK, situated in southern New Hampshire, is of 
special interest to geologists because it was selected by Professor 
Davis as a type of the isolated, residuary peaks that may be found 
rising above a base-leveled land surface. This mountain rises 
3,166? feet above mean sea-level and about 2,000 feet above the 
surrounding peneplain, the plateau of southern New England. 
At the first glance the mountain may appear, from its representa- 
tion on the Zopographic Map, as a regular, single peak; but, on 

‘Monadnock is considered in the Geology of New Hampshire, Vol. II, pp. 24, 
503, 639. This area, with a section through the mountain, is represented on the fourth 
sheet of the geological map in the atlas accompanying the same. 

2From the 7opfographic Map of the U. S. Geological Survey 
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closer study of the map and of the mountain from different 
sides, it is seen to consist of two well-defined parts. There is a 
northeast-southwest ridge, about six miles in length, extending 
from the center of Dublin to Gap Mountain. This constitutes 
the eastern part of Monadnock. This ridge rises by a succession 
of steps from an elevation of 1,500 feet at its northern extremity 
to 2,800 or 2,900 at its culmination east of the summit of the 
mountain, and then descends by a like succession of steps to 
its southern extremity. 

The eastern slope of this ridge above the foothills is quite 
steep, even precipitous. The western part of the mountain, 
which includes the summit, rising 300—400 feet above the eastern 
ridge, consists of a single peak set, as it were, in the central 
part of the western slope of the ridge. The northwest slope of 
this peak is gentle; the west and southwest slopes are much 
steeper; while the northeast slope meets the northern half of 
the western slope of the ridge forming the valley of Mountain 
Brook. These divisions and their slopes are closely related to 
the underlying rock structure, and indicate that erosion is con- 
trolled or guided by this structure. 

The rock of this mountain is a banded mica schist, the band- 
ing being generally parallel to the present structure. The schist 
presents three marked variations. In the top of the mountain 
and in the upper part of the eastern ridge it is a gray, massive, 
garnetiferous, biotite, sericite schist, in which the biotite is 
specially noticeable because of its arrangement in bright, 
isolated scales, one-sixteenth of an inch in diameter, set ina 
fine, light gray groundmass.' In addition, andalusite crystals, 
or what were once andalusite crystals, occur in this schist, some- 
times very abundantly, lying parallel to the present structure of 
the rock. The accompanying picture (Fig. 2) shows how 
abundantly these may occur in the schist. They are frequently 
five or six inches long by half an inch, or more, through. Owing 
to the unequal weathering, these prisms frequently appear in 
relief on the surface of the ledges. In the southern half of the 

*In the Geology of New Hampshire this schist is called the Kearsarge andalusite 


schist. 
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ridge, and also in the western peak of the mountain, these 
prisms are now largely, if not entirely, made up of fine, glassy, 
colorless or white fibers of fibrolite. In the northern part of the 
eastern ridge, and in other parts of the mountain in limited 
areas, the andalusite crystals have changed to masses of white, 


pearly sericite scales. In the weathering these sericite masses 





Fic. 2.—Surface of Andalusite mica schist. 


are removed more rapidly than is the inclosing rock, producing 
long narrow cavities on weathered surfaces. Where the end of 
the sericite mass is exposed, the weathering is more rapid in the 
center, producing a cavity bordered by a sericite shell. 

In the southern part of the mountain the schist becomes, by 
alternating areas, a fibrolite schist, the fibrolite being original ; 
but even within this fibrolitic area appear small areas where 
the rock originally contained andalusites. It is impossible to 
draw a line correctly separating this schist into two parts, so 
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intimately associated are the original fibrolite and pseudomorphs 
after andalusite. As the schist becomes fibrolitic, it is distinctly 
and quite thinly laminated. It also contains garnets and tourma- 
line and, rarely, graphite in fine scales. 

In the middle of the northeast slope this schist is destitute of 
fibrolite and pseudomorphs of andalusite; it is characterized by a 
dark green mica of soapy feel, and a very fine, white sericite. 
The latter is in fibers as fine as the fibers of fibrolite, and occurs 
in the schist just as fibrolite occurs in other parts of this schist. 
The sericite is evidently fibrolite changed into sericite, as is proved 
by the finding of a mass of fibrolite partly so changed. In the 
general sericitization to which this schist has been subjected the 
fibrolite, in places, has been changed as well as the other miner- 
als. This sericitization indicates the permeation of this schist by 
potash solutions. These variants are considered as one schist, 
and are so colored on the geological map. 

The second phase of the mica schist, found in the mountain 
and the surrounding area, may be seen between the 1,600 and 
1,700-foot levels on either side of the road on the southern 
slope. It is a gray, thinly laminated, finely granular, quartzose 
mica schist, containing, in addition to the granular, glassy quartz, 
a little fine, brown mica and fine, light green hornblende. This 
schist is cut by lamination planes and joints into thin, rectangular 
slabs. In position it is conformable with the fibrolite-andalusite 
schist above. The boundary between the two is a zone of alter- 
nation. This indicates either an alternation of sediments or an 
interfolding along the border. I judge that the former is the 
case here, because in other parts of this area the quartzose schist 
blends into, and alternates with, the third phase of the mica 
schist. In only this small area on the southern slope is there 
enough of this quartzose schist by itself to be represented as a 
distinct area on the map. 

The third phase of the mica schist occurs below the second, 
on the southern slope, and is the first rock met in going up the 
mountain road. This is a very rusty, thinly laminated, fre- 
quently fissile, muscovite, biotite schist which often becomes so 


quartzose as to be a micaceous quartzite. The extreme rustiness 
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is due to iron pyrites. Little scales of graphite are characteristic 
of this phase of schist, and are sometimes abundant enough to 
give a gray color to the unrusted rock. Fibrolite was not observed 
with the graphite, though in the more micaceous, or first phase of 
the schist, fibrolite and graphite may sometimes be seen together. 
This rusty phase occurs over quite an area in the southeastern 
part of the region represented in our map, and also in the north- 
western part, and on the southeastern slope of Gap Mountain. 
In all of these areas there is no well-defined border between the 
first or fibrolitic phase and the third or rusty, graphitic phase; 
there is a blending of one into the other, and they are equiva- 
lents. The second phase also is only a variant of the third. 

Included in the area of the accompanying geological map, 
though not a part of the mountain, are granite masses which are 
closely connected with the rock structure of the mountain, and 
with other phenomena revealed in this study. Where this gran- 
ite adjoins rusty schist, it has a dark gray color, is more or less 
rusty on weathered surfaces, and is of medium fine, granular tex- 
ture. 

The quartz and the feldspar form an intimate granular mix- 
ture, in which the biotite is quite uniformly distributed in fine 
scales. Muscovite occurs in varying quantity, but is not charac- 
teristic of the granite, as biotite is. Fine magnetite and little, 
brown, wedge-shaped crystals of titanite occur in this granite 
along with some small particles of secondary epidote. Along the 
immediate border the granite sometimes contains black tourma- 
line. Tourmaline is, however, more frequently seen in the schist. 

Away from the schist the granite is lighter in color, more mus- 
covitic and less biotitic, contains less of the other minerals— is, 
in fact, more nearly a simple, medium fine, crystalline mixture 
of feldspar, quartz and mica. In mapping the granite this vari- 
ation is a good index of the nearness or remoteness of the schist 
border. 

In places the granite, in the southern part of this area, is por- 
phyritic, the feldspar phenocrysts sometimes measuring an inch 
by one quarter, and showing the Carlsbad twins. The feldspar 


of the groundmass is partly triclinic. The granite of the north- 
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eastern part of the area of our map is prevailingly porphyritic, 
and closely resembles the granite already described, except that 
the phenocrysts are frequently larger and sometimes show a 
granulated border. The granite of these areas is frequently 
foliated near the schist border, and parallelly to the lamination 
of the schist. 

On looking at the map, it is seen that the granite in the south- 
ern part of this area occurs in lobes, two of which are connected, 
while that in the northeastern part is in the form of a long tongue 
extending far into the schist, though not visibly reaching the 
southern granite area. These are probably parts of an extensive 
batholite which, possibly, extends even under the mountain. 
This granite incloses fragments, both large and small, of the 
neighboring schists. Among these may be recognized some of 
the light gray, quartzose mica schist thoroughly brecciated, and 
some of the fibrolite and andalusite schists. In the last the 
andalusite crystals have been generally, if not always, changed 
as has been described before. Inclosed in the granite may be 
seen prismatic masses of sericite entirely separate from, though 
in the vicinity of, the schist, which probably represent andalu- 
site crystals which were dissolved in the magma, and afterwards 
crystallized out and sericitized. 

It is difficult to decide, in some parts of this area, where to 
draw the boundary between granite and schist, because there is 
frequently a zone of alternating bands extending in the direction 
of the strike. Such an area is represented in the extreme 
western part of the geological map, and also in cross-section. 
The meaning of such an area is that the surface of contact 
between schist and granite batholite was a ragged surface— 
the granite having penetrated the schist at intervals, and pushed 
apart the vertical lamine. The erosion has brought the land 
surface down so as to make a section through this alternation. 
If the land surface had been lowered somewhat less, the rock at 
the surface would have been schist; whereas if the land 
surface had been lowered somewhat more, the rock would have 
been then all granite. As it is, the extension of the batholite 


is but a short distance below the surface. 
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OF MONADNOCK MOUNTAIN 7 
In this granite are many pegmatite veins, varying from an 
inch to several feet in thickness, and frequently the pegmatite 
appears in the schists. Though there is a variation in the direc- 
tion of these veins, the prevailing one is northerly in the southern 
granite lobes. This pegmatite material shows all grades of 
variation from the well-defined, coarse pegmatite to pure vein 
quartz; and all the variations evidently had a common origin." 
From what has been written, it is evident that schist and 
granite were modified by mutual contact. The extensive seri- 
citization of one and the darkening of the other by the increase 
of biotite are the most noticeable effects. From these contact 
phenomena and from the schist inclusions in the granite it is 
evident that the granite is intrusive and younger than the schist. 
In rocks so thoroughly recrystallized as are the schists of our 
study no fossils can be expected, but the graphite found in both 
the rusty graphitic schist and also, though rarely, in the fibrolitic 
schist may point back to organic remains.?, To one acquainted 
with the rocks in the plateau of central Massachusetts, from 
Worcester to the Connecticut Valley, it is evident that these 
schists in and around Monadnock are but a continuation of the 
Massachusetts rocks, though there may be a few square miles of 
area between the two not yet mapped; and the conclusions that 
have been reached from the study of the latter are applicable to 
the former. After many years of study, Professor Emerson and 
the writer have concluded that the schists of this plateau in 
Massachusetts are more highly metamorphosed phases of the 
Carboniferous phyllite and quartzite found at Worcester.3 If 
this conclusion is correct, then these schists of Monadnock are 
Carboniferous, and the intruded granite is post-Carboniferous. 
Another fact demanding careful study is the attitude of the 
schist in this mountain. That the structure is not as simple as 
it might be is indicated by the statement on p. 639, Vol. II, of 


‘J. E. Spurr, “Genesis of Auriferous Quartz Veins,” Zighteenth Annual Report 


of the U. S. Geological Survey, Part 111, pp. 311, 313. 


In the Geology of New Hampshire, Vol. 11, p. 503, a graphite mine in this schist 


is mentioned. 


3’ Geology of Worcester, Massachusetts, pp. 28, 50, 137, 139, 148, 152. 
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the Geology of New Hampshire: ‘In structure it (Monadnock), 
seems to be a double synclinal. Again, on p. 24, it is stated: 
‘‘Mt. Monadnock seems to be an isolated, contorted synclinal of 
andalusite mica schist.”’ The strike of the schist in the area east 
of the mountain, in the eastern slope, and in the northeast half 
of the ridge of the mountain, is between north and northeast, 
with a dip to the west and northwest. In the southern half of 
the ridge, as far north as an east-west line passing through the 
more southerly of the two houses on the mountain road, the strike 
is from north to almost east, with the dip to the northwest. In 


the tep and in the northwestern part of the mountain the strike is 








\ Granite Schist Granite B 


Fic. 3.—Section through Monadnock. Horizontal scale gs}9 9; vertical scale 


; made from Topographic Map of U. S. Geol. Surv. 


to the northwest, with a dip to the northeast. In the extreme 
western partof the area here included, the strike is east and 
west north of the granite lobe with the dip varying from ver 
tical to 40° south; and the strike is northeast on the north- 
west side of the same lobe, with the dip vertical. In the central 
part of the mountain mass, between the northeasterly and north- 
westerly strikes, the strike swings from one to the other through 
an east-west direction, with a dip of about 45° to the north. 

The meaning of this variation in the dip and strike is that the 
schist in the northern two-thirds of this mountain mass has been 
folded into a synclinal having a pitch of 45° to the north; and 
the western limb of this synclinal is continued in an overturned 
anticline, with pitch to the south, around the western granite lobe. 
The axis of the syncline is marked, approximately by the course 
of Mountain Brook down the northern slope. The highest point 


of the mountain is not at the apex of the syncline, but is in the 
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western limb. South of the summit this syncline may be 
traced along the crest of the ridge, becoming narrower, as far as 
the east-west line of the more southerly house on the mountain; 
south of this line, along the continuation of the axis of the 


syncline, there is a marked deviation of the strike to the east, 


Fic. 4.—Showing the jointing in schist. West side of Monadnock, 2800-foot 


level, looking southeast. The joint plane slants toward the right. The dip is toward 
the left. 


which becomes less and less as the syncline fades out to the 
south. 

On the transparent sheet accompanying the geological map 
the folds in the schist are represented. The lines of strike were 
first plotted, and then these curves were drawn through them. 
In this way the anticline in the schist, as it folds around the 


granite lobe in the west, and the syncline in the mountain itself 
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are clearly brought out. A glance at this sheet is sufficient to 
convince anyone that the folding of the schist accompanied, and 
was due to, the intrusion of the granite; and the force of intru- 
sion was exerted in a northerly direction. 

Closely connected with the folding is the jointing in this 
schist, which is very noticeable in every part of the mountain, 
but especially above the line of vegetation. Here the rock has 
been broken into large blocks, perhaps 20-30 feet long by 10-15 
feet thick and wide, and these are so placed in the mountain as 
to make a series of steps, as is shown in the accompanying 
illustration (Fig. 4). This picture was taken at about the 2,900- 
foot level, and on the western side of the mountain. Observa- 
tions of the direction and slant or dip of these joint surfaces were 
made up on the mountain where there was little or no vegeta- 
tion, and on different sides; and they are arranged in the table 
below. While there are not so many observations as there 


well might be, they make clear certain facts or relations. 
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1. In nine marked by a *, out of the twelve, the direction 
of joint I is approximately the same as the strike of the band- 
ing; or where the banding departs by local folding from paral- 
lelism with the side of the syncline, joint 1 is parallel to the 


side of the syncline. 


2. The angle between the strike, or direction of joint I, and 
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the strike, or direction of joint 2, varies from 40° to go”, but in 
five cases out of the nine is between 50° and 65 

3. The angle between the true dip and the dip of the surface of 
joint 1 in five, out of seven, cases approximates to a right angle. 

The meaning of observations I and 3 is that this schist has 
been broken perpendicularly to the laminz into strips from one 
end of the syncline around to the other; and observation 2 
shows that these strips have been broken crosswise, less regularly, 
into shorter pieces or blocks, the latter indicating a bending or 
twisting in these strips. There is, | think, no doubt but that 
these joints were produced by the bending of the schist into the 
great synclinal fold of the mountain, and this, as has been 
pointed out, accompanied the intrusion of the granite. The 
formation of the joints in this schist clearly indicates that this 
rock was in the zone of fracture when this intrusion and folding 
took place. The same is indicated by the brecciation appearing 
in some of the schist fragments included in the granite. 

But there is another and earlier folding evident in this schist. 
The accompanying illustration shows a compressed, overturned 
anticline occurring near the top, on the west side, which is con- 
spicuous for a distance of several hundred feet down the moun- 
tain to one ascending on that side. The part of the fold 
appearing in the picture is 37 feet long by 6 wide, and the apex 
of the fold as seen in this section points between northwest and 
north. This means that the fold is overturned and lies flat in 
the western side of the large syncline, with the apex of this 
small anticline pointing away from the apex of the large syncline. 
The formation of this small anticline, though the bending was 
sO severe, was not accompanied by fracture, as may be seen in 
the illustration (Fig. 5). Other folds, though less conspicuous, 
may be seen of which the same is true, and the jointing of the 
schist cuts through these, indicating utter independence of the 
one of the other. Therefore, when these smaller folds were 
made the rock was in the zone of rock flowage. There are 
indicated, therefore, two periods of metamorphism —one at a 
greater depth when the clastic was recrystallized and in places 
severely folded without fracture; and the other at less depth 
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when there was extensive sericitization, development of tourma- 
lines, and folding with fracture accompanying the intrusion of 
granite. 

Another point of interest in the study of Monadnock is to 
determine, if possible, why this rockmass has survived the pro- 


found erosion to which this region has been subjected. Dr. 





Fic. 5.—Fold in schist of Monadnock, near the top, on west side. Also shows 


banding in the schist. 


Gulliver,’ speaking of this mountain, attributes its survival to the 
greater resistance of the rock. In making such a comparison, it 
is well to bear in mind that there is an element of uncertainty in 
that the rocks that have been removed from above an area are not 
always the same, at least in this region, as those that now appear 
at the surface, on account of the extensive intrusions of eruptives. 
Dr. Haye’s? points out, in his study of the Chattanooga district, 
* Bulletin of the Geological Society of America, Vol. X, p. 19. 


* Nineteenth Annual Report of the U. S. Geological Survey, Part 11, p. 39. 
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that these residuals are the result of two factors, erodibility and 
location. In the case of Monadnock the second factor was 
probably quite as important as the first. 

It must be noticed that this residuary peak does not stand 
alone. The one farthest south in Massachusetts, and closely 
related to this one, is Asnebumskit, in the town of Paxton, rising 
about 400 feet above the peneplain or plateau of southern New 
England. It is situated about a mile east of the divide between 
the Connecticut and the Atlantic watersheds, and at the begin- 
ning of that of the Blackstone. In preglacial times it was, very 
likely, on the divide between the two main watersheds. This 
monadnock is made up of a rusty, fribrolite schist, not to be dis- 
tinguished from that in hundreds of square miles of the surround 
ing plateau. Next to the north is Wachusett, with two minor 
points associated with it, rising nearly 1,000 feet above the 
plateau, and situated in the town of Princeton. This is on the 
divide between the Ware and Nashua Rivers. It is composed of 
granite and the same rusty, fibrolitic mica schist, the former 
making up by far the larger part. There is nothing about these 
rocks to indicate that they are any more resisting than are similar 
granites and schists in the surrounding plateau. Watatic, situated 
in the town of Ashburnham and rising about 7oo feet above the 
plateau, is another monadnock situated on this divide. With 
the rocks of this mountain I am unacquainted. Then, crossing the 
state line into New Hampshire, we find Monadnock also on the 
same divide. There are more, though smaller, residuary peaks 
east and west of this; and to the north still others, even rivaling 
Monadnock. This is just what might be expected, even in a 
region made up of rocks of uniform resistance—incomplete pene- 
planation up toward the sources of the main streams, while it is 
almost complete farther to the south towards the mouths of these 
streams. My conclusion from the study of the rocks is that 
these monadnocks, situated along on the divide from central 
Massachusetts into southern New Hampshire, owe their survival 
to their position rather than to the rocks of which they are 
composed ; for in a region made up of rocks of uniform resistance 


and subjected to peneplanation there would be some points up 
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near the sources of the main streams which would be the last to 
be brought low.’ 
SUMMARY. 

1. This mountain is made out of a syncline in andalusite- 
fibrolite schist, probably of Carboniferous age. The syncline 
was produced by the intrusion of granite, which modified the 
schist already metamorphosed. 

2. The schist contains andalusites changed to fibrolite and 
sericite, also fibrolite changed to sericite. 

3. The jointing of the schist was produced by the folding; 
therefore the intrusion of the granite, which produced the 
folding, took place when the schist was in the zone of fracture. 

4. There is an older folding evident, which must have been 
produced when the schist was in the zone of flowage. 

5. This mountain and the other monadnocks to the south on 
the Atlantic-Connecticut River divide, probably owe their survival 
to their position, rather than to the greater resistance of the 


rocks composing them. 
Josern H. Perry. 
WORCESTER, MASs, 


* Mount Grace, in Warwick, Mass., rising about 500 feet above this plateau, and 
situated about six miles from the Connecticut, far to the west of the divide, owes its 
survival, probably, to the greater resistance of its rocks. It is made up largely, or 
entirely, of amphibolites, while the surrounding plateau is made up of mica schists 


and granite. 
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ON A CALIFORNIA ROOFING 


ORIGIN.' 


SLATE OF IGNEOUS 





DurING the field season of 1903 the writer was enabled to 
spend several days in the study of the important roofing-slate 
deposits occurring north of Placerville, El Dorado county, Cali- 
fornia. A summary of the principal economic results of this 
investigation will soon appear in a bulletin? of the United States 
Geological Survey; while a more detailed description, with maps, 
will probably be issued later as one chapter in a Survey bulletin 
on the slate deposits of the United States. 

One result of the study, however, would seem to be of suf- 
ficient novelty and general geologic interest to be worthy of 
discussion in this JoURNAL, in considerable detail. This is the 
determination that a part of the roofing slates of the El Dorado 
county district have been derived, by dynamic metamorphism, 
from basic igneous rocks—gabbros or related types. 

THE CALIFORNIA SLATE DEPOSITS IN GENERAL. 

Location and general relations. —-Though roofing slate has at 
different times been quarried, on a small scale, in other parts of 
the state, the only important slate-producing area in California 
is located in El Dorado county. The quarries which have been 
opened in this district are located along a line running about 
N. 15° W. from Placerville, at distances of from one to six miles 
from that town. The location and general relations, both geo- 
graphical and geological, of the slate deposits and quarries, can 
best be understood by reference to the maps included in the 
“Placerville Folio’ of the United States Geological Survey. 
The workable roofing-slate deposits of this district occur in a 
belt of the Mariposa slates, of late Jurassic or early Cretaceous 
age. The quarries which have been opened are all situated near 
the western boundary of this belt of Mariposa slates, where it is 

Published by permission of the director of the U. S. Geological Survey. 

2 Contributions to Economic Geology, 1903. 
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bordered by a large area of diabase. This diabase has been 
described* by Lindgren and Turner as being “of the age of the 
Mariposa slates, or older.”” A number of linear areas of amphib- 
olite occur in the Mariposa slates. These amphibolites are 
described as being derived from diabase or gabbro. They are 
in part altered to serpentine. 

Previous work on the slate deposits.—The ‘Placerville Folio,”’ 
No. 3, U. S. Geological Survey, published in 1894, cortains the 
results of detailed geologic work by Lindgren and Turner in the 
area in which the roofing-slate deposits occur. At that date 
the roofing-slate industry had not assumed its present impor- 
tance, though all*the quarries now in existence had then been 
opened. The existence of roofing-slate deposits is noted in the 
text of the folio, and the locations of the quarries are indicated 
on the map showing the economic geology of the area. No 
reference is made to the ‘green slates,’’ or to the dikes cut- 
ting the Eureka quarry. 

Excellent, though brief, descriptions of the different quarries 
and of the condition of the slate industry at various dates are to 
be found in the Reports of the State Mineralogist of California ; 
particularly in the eighth and twelfth reports. 

At present the most important quarry is that of the Eureka 
Slate Co., and this is now being worked on a large scale. This 
quarry is located at Slatington, about one-half mile southwest 
from the point where Kelsey is shown on the Placerville atlas sheet. 

Structural relations in Eureka quarry.—The cleavage planes of 
the slates in the Eureka quarry strike N. 25° W. The dip of 
the cleavage is practically vertical, with slight local variations to 
80° E. or 80° W. The upper weathered beds in the quarry are 
overturned, by local pressure, so as to give 40° to 60° dips to 
the east or west, according to local conditions. This overturn- 
ing is evidently due merely to the weight of the overlying soil 
and decomposed slate, and the effects are shown only for a 
depth of from 3 to 15 feet. It is of interest, however, as a 
warning against accepting dip readings taken from surface beds 
of the slate. 


'* Placerville Folio,’ U. S. Geological Survey; legend of “* Areal Geology” sheet. 
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The slate body shows rather frequent, but narrow, ‘‘ribbons.”’ 
These ribbons are bands (from ;', to } inch thick usually, but 
occasionally as thick as two inches) of material differing in com- 
position from the mass of the slate. They are in general more 


siliceous than the normal slate, and do not furnish merchantable 


material. Their geologic interest arises from the fact that they 
represent differences of original sedimentation. The plane of 


the ribbons in a slate quarry is therefore the plane of original 
bedding. Inthe Eureka quarry, and, indeed, throughout the 
roofing-slate belt, the plane of original bedding seems to be 
usually within ten degrees of the plane of slaty cleavage. 

The slate mass is cut by e@ series of joints, parallel to the 
‘‘orain” of the slates, striking N. 55° E., and dipping from 70 
to S0° to the northwest. Joints across the “grain” of the slate, 
which would be practica!ly horizontal, do not occur in this quarry; 
but many of the thin quartz seams occupy this position. 

Quartz and calcite occur in thin layers, filling joint spaces 
and occasionally cleavage spaces. Pyrite also occurs in very 
much flattened nodules, which were apparently parallel to the 
original bedding. 

Character of the normal slate-—The mass of the Eureka quarry 
product is a dense, deep black slate, splitting very finely and 
regularly, with a smooth glistening surface much like that of the 
Bangor and Lehigh slates of Pennsylvania. The frequency of 
the ribbons, and of the pyrite nodules, prevents the slate from 
being serviceable as mill stock; but as a roofing material it is 
very satisfactory. 

A specimen of the black slate, free from ribbon, was selected 
for analysis in the laboratory of the U.S. Geological Survey. 
The results of this analysis, by Mr. W. T. Schaller, follow: 


ANALYSIS OF BLACK SLATE, EUREKA QUARRY, SLATINGTON, CALIF. 


Silica (SiO, ) - 63.52 
Alumina (Al,O,) and titanic oxide (TiO, ) 16.34 
Iron oxides (FeO, Fe,0;) 6.79 
Lime (CaO) 0.98 
Magnesia (MgO) 2.50 


Carbon dioxide (CO,) ) 
Water \ 


oo 
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THE “GREEN SLATES.” 


Appearance and structural relations —Perhaps the most striking 
feature of the quarry of the Eureka Slate Co., as seen from the 
old ground surface eighty feet above the present floor of the 
quarry, is a light green band, four feet or so in width, that 
extends vertically from top to bottom of the quarry, and is par- 
ticularly noticeable on the higher east wall. This band furnishes 
the “green slate”’ of the quarry men. The contrast in color 
between this green band and the intense black of the fresh sur- 
face of the rest of the slate is very striking. 

Viewed from the old ground level, one cannot determine 
whether the green band is parallel to the slaty cleavage or to 
original bedding; which planes, as noted earlier in this paper, 
commonly differ only by ten degrees or so. At first sight, there- 
fore, the green band might reasonably be considered to be a 
mere color variation, due either to original differences in compo- 
sition of the beds from which the green and black slates were 
derived, or to a later change in the color of certain beds; and 
this view has apparently been accepted by former observers. 

Closer study, however, removes this easy explanation from the 
list of possibilities. Even a casual examination of a green slate 
quarried from this band, and comparison with a slate of the 
normal black type, are sufficient to prove that the two slates are 
different in more than color; while a closer examination of the 
character and structural relations of the green band, when seen 
from the quarry floor below, suffices not only to emphasize the 
distinction between the green slate and the black, but to suggest 
a somewhat novel origin for the former. 

Relations of contact plane to cleavage and bedding.—On going 
down into the quarry and closely examining the relations of the 
two slates, the contact between the green and black slates is 
seen to be, not parallel to the ‘‘ribbon’”’ of the black slate, which 
indicates the plane of original bedding, but cutting the ribbon 
at a small angle—not over ten degrees. It is not, however, 
certain that the contact plane is exactly parallel to the plane of 
slaty cleavage, which also cuts the bedding plane at a small 


angle. This detail—the relation of the contact line to the cleav- 
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age planes—has, of course, no bearing on the question of the 
derivation of the green slates. It may prove, however, to be of 
some importance in determining the probable cause of the origin 
of slaty cleavage in this particular portion of the Mariposa slate 
belt. 

Disregarding this omission of data as to the relation of con- 
tact to cleavage plane, the fact remains that the band of green 
slate is not everywhere conformable to the original bedding of 
the Mariposa slate series. It is, therefore, highly improbable 
that it was an originally interbedded member of that sedimen- 
tary series; on structural grounds it is probable that it represents 
a mass of igneous rock, injected as a dike into the Mariposa 
series and, subsequently to its intrusion, so highly sheared as to 
have a very perfect slaty cleavage. This probability is increased 
when the chemical composition of the rock is considered. 

Further confirmation of this hypothesis is afforded by an 
examination of the cross-section of the dike, which proves that 
it is not homogeneous in texture throughout, but that it varies 
in bands closely parallel to the contact plane. Along its con- 
tact with the normal black slate, the green slate is very fine- 
grained for an inch or so. Bordering this is a zone several inches 
in width, of coarser texture, and drab-green color, which is fol- 
lowed in turn by the typical “green slate.” These differences 
in color and texture are sufficiently noticeable to be readily 
distinguishable by the quarry men and slate splitters. The tex- 
tural differences are such, in fact, that the layer immediately 
next to the contact is discarded as a ‘‘ribbon,” since it works 
unsatisfactorily. It must be recollected, however, that these 


’ 


layers are parallel to the contact, not to the “ribbon”’ or original 
bedding of the black slate. 

Igneous rocks of the vicinity— About five hundred feet west of 
the present quarry the western edge of the Mariposa slate is 
reached, a body of igneous rock limiting it in that direction. 
This rock is described in the “Placerville Folio’’ as diabase. A 
linear outcrop of amphibolite, trending about parallel with the 
cleavage of the slates, is shown on the “Areal Geology”’ sheet 


of this folio, near Kelsey, and some distance east of the Eureka 
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quarry. Other amphibolite dikes occur to the north and south 
of Kelsey. 

Several other dikes, not hitherto mapped, and important in 
their bearing on the problem of the origin of the green slates, 
were noted during the recent work. These dikes outcrop between 
the quarry and the diabase body west of it, as narrow linear areas, 
trending N. 25° W., orthereabout. They are best shown, however, 
in a tunnel which is now being driven for drainage and working 
purposes. This tunnel starts in the Kelsey ravine, which marks 
the boundary between the diabase and the Mariposa slates; and 
runs eastward to the quarry, coming in at about twenty feet 
below its present floor level. 

This tunnel intersects three dikes, in addition to cutting the 
green band of the quarry. Of these dikes, two show material 
which is fairly massive, while the third, the one nearest to the 
green band, seems to have a decidedly slaty structure, though 
not sufficiently so as to be utilized as a source of roofing slate. 
From these observations it would seem that the intensity of the 
shearing, which resulted in the present slaty cleavage, increased 
as did the distance from the contact of the Mariposa slate and 
the diorite. 

Microscopic investigation.—The results of microscopic investi- 
gation were of no particular service in this connection, owing to 
the fact that sufficient fresh material had not been secured from 
the various dikes. 

A specimen from the dike farthest from the quarry —and 
nearest to the great body of diabase—was examined by Dr. 
Whitman Cross, who reported that it was a gabbro. 

Its main constituents are augite and plagioclase, with a rude parallel 
arrangement of the minerals, suggesting that the specimen was derived 
from the neighborhood of an original dike contact. There is a small amount 
of brown amphibole, probably paramorphic after augite. While several 
joints are visible cutting the specimen, no actual shearing zones or planes were 
detected in the two sections prepared from this specimen. 

Several specimens from the body of the ‘green slate”’ band, 
and also from the contact between the ‘green slate’”’ band and 
the normal black clay-slates, were submitted to Dr. Cross for 
examination. The results of this study were unfortunately uncon- 
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clusive. Dr. Cross states that the specimens are composed 
largely of feldspar, calcite, chlorite, and some other minerals. 
All are evidently greatly sheared. They present, however, no 
direct evidence of derivation from the kind of rock represented 
by the specimen from the dike near the tunnel entrance. They 
contain no augite or plagioclase, as such, and show no transition 
in texture. While it is quite possible that these rocks may have 
been derived from an igneous rock like the gabbro, such deriva- 
tion is not shown by microscopic examination of the specimens 
submitted. 

Chemical investigation A typical specimen of the green 
slate, from near the middle of the band, was selected for partial 
analysis in the laboratory of the U. S. Geological Survey, and 
the results of this analysis are presented below, as No. 1. The 
second analysis given below was quoted to the writer by Mr. C. 
H. Dunton, manager of the Eureka Slate Co., but the name of 
the analyst was unknown to him. The two analyses agree 
sufficiently closely, and are probably fairly representative of the 


chemical composition of the green slates. 


ANALYSES OF THE ‘‘GREEN SLATES” FROM SLATINGTON, CALIF, 


I 2 

{ 
Silica (SiO,) ..... cocescccccccccss| 45.15 47.30 
Alumina (Al,O,) and titanic oxide (TiO,).| 16.33 15.53 
Iron oxides (FeO, Fe,O q)..... 2.2.0 see. 8.42 8.00 
DG TEED wdbevesencecendpeeeises on 6.42 7.83 
Paamnestn (TAMO). o.ccccccccsececece ote 8.72 7.86 
Aballes (Nan, BigO). occccccecccscvcses n. d. 3.17 
Carbon dionide (COs) Fo... cence 11.28 9.92 
Water ) 





1. By W. T. Schaller, U. S. Geological Survey laboratory. 
2. Analyst unknown. Analysis quoted by Eureka Slate Co. 
It will be seen that these analyses differ widely from those of 
any normal clay slate, and even if no structural evidence were 
at hand, the chemical composition of the green slate would be 
sufficient to suggest that their origin was probably from igneous, 
not sedimentary, rocks. 
For the purpose of indicating the class of rocks from which 
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these green slates were probably derived, a number of analyses 
have been selected from Turner’s papers’ on the rocks of the Sierra 
Nevada, and these are presented below. The specimens analyzed 
were all from California localities, but none, unfortunately, from 
very near the El Dorado county slate deposits. None of the 
analyses are complete, but sufficient determinations are given in 
each case to permit their use for the present purpose—their 
comparison with the analyses, given above, of the green slate from 
Eureka Slate Co. quarry. The coincidence in general composi- 
tion seems to be sufficiently marked to suggest, with a high degree 
of probability, that the green slates have been derived from some 
rock of type similar to those whose analyses are given in the 
following table: 


ANALYSES OF IGNEOUS ROCKS OF THE MOTHER LODE DISTRICT, 
CALIFORNIA, 


I 2 3 + as 
Silica (SIOQg)). cccccccvcccccccccccccscccceses| §3-14) §2.32] 49.24 | 45.56] 45.92 
Alumina (Al,O,) and titanic oxide (TiO,).... n. d.| 15.28|14.79] n.d.|/ n.d. 
Iron oxides (FeQ, Fe, ' Pad sacdo noes wvecesee ee n. d. 9.06!) 9.52 n. d. n. d. 
Lime (CaQ) : 9.56/)11.58/10.74| 7.65} 9.96 
PEIN CHGS) vc cecces cece ec exes ae 4.97| 7.25] 6.89] 9.88] 13.85 
Alkalies (K,O, Na,QO) 3-29; 3.14] 3.64] 4.82] 0.81 
Carbon dioxide (CO,) } n. d n.d.| 4.07] n.d n. d 
Water ¢ jini vues . d. -d.| 4.07 . d. . d. 


1. Gabbro: east side of Eureka Peak, California; analyzed by Hillebrand and 
Steiger. (Seventeenth Annual Report, U.S. Geological Survey, Part II, p. 642.) 

2. Diabase: north of Hornitos, Calif.; analyzed by Hillebrand. (/éid., p. 694.) 
3. Augite porphyrite : west of Jackson, Calif.; analyzed by Hillebrand and Steiger. 
(Fourteenth Annual Report, Part II, p. 473.) 

4. Augite porphyrite: Plumas county, Calif.; analyzed by Hillebrand and 
Steiger. (/did.) 

s. Gabbro: east of Penman Peak, Calif.; analyzed by Hillebrand and Steiger. 
(Seventeenth Annual Report, Part |, p. 642.) 

Summary of the evidence as to the origin of the green slates.—An 
attempt has been made to obtain evidence from three distinct 
sources as to the probable derivation of the green slates. One 
of these possible lines of solution gave no evidence of value; the 
other two, however, are apparently conclusive. 


* Fourteenth and Seventeenth Annual Reports, U. S. Geological Survey. 
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1. The structural relations of the green and the black slates 
seem to prove that the green slates are derived, by dynamic 
metamorphism, from an igneous rock; further, that this rock 
was an intrusive massive rock, not an interbedded tuff; and that 
it was intruded into the Mariposa slates at some period subse- 
quent to their deposition, but before their assumption of slaty 
cleavage. 

2. Microscopic evidence, though inconclusive owing to the 
lack of a sufficient supply of material, proves that the green 
slates are composed of thoroughly crystalline material. The 
rock forming one of the nearby dikes is shown to be a gabbro. 

3. Chemical analyses of the green slates show that they are 
widely different in composition from the black slates, and, 
indeed, from any normal clay slate. Comparison of the same 
analyses with those of igneous rocks of the region show striking 
similarities in composition between the green slates and certain 
massive, basic, igneous rocks—gabbros and allied rocks. 

There are, of course, no reasons why an igneous rock should 
not be susceptible of change, under proper conditions, into a 
roofing slate; and the possibility of such a change occurring 
would probably have been conceded by most geologists, had the 
question been brought to their attention, before the foregoing 
description of an actual occurrence had been published. Not- 
withstanding these facts, the California occurrence seems to be 
unique. The extensive literature of roofing slate has been 
examined by the writer, so far as this literature is available, and 
no similar occurrences of the derivation of roofing slates from 
massive igneous rocks have been noted. More than this, the 
possibility of such an occurrence,would seem to have been over- 
looked by most writers, who either expressly or by implication 
use the term “roofing slate’’ to include only argillaceous sedi- 
mentary rocks. This oversight is the more inexcusable, because 
a large industry has been based for a century or more, in one 
English district, on roofing slates derived from tuffs. 

Utilization of the green slate-—While the green slate does not 
occur in a body of sufficient thickness to be worth quarrying for 


itself alone, it is a resource of considerable value as it is at 
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present exposed in the quarry of the Eureka Slate Co. With 
the exception of the usual decomposed material near the ground 
surface, the green slate dike furnishes merchantable slate from 
the outcrop down to the tunnel level. 

The green slate splits readily, though not with as smooth a 
surface as the black slate; and gives a pleasant color contrast 
when used for trimming or lettering on black slate roofs. It 
bears punching and countersinking very well, and is sufficiently 
strong for roofing use. 

Compared with the large amount of merchantable black slate 
now in sight, the total quantity of green slate is so small that no 
attempt is being made to push its sale for use separately from 
the black slate. It is now supplied solely as an ornamental trim- 
ming for black slate roofs, for lettering, and similar uses. 

Epwin C. Ecket. 

U.S. GEOLOGICAL SURVEY. 

Washington, D. ¢ 








ON THE CHEMICAL COMPOSITION OF AMERICAN 
SHALES AND ROOFING SLATES. 

In the preceding paper the statemeut is made that the analyses 
of the green slates at Slatington, Calif., “differ widely from 
those of any normal clay slates.’’ So little attention is paid to 
the composition of sedimentary rocks, as compared with that of 
igneous rocks, that the truth of this statement may not be 
obvious to all readers. The present paper has been prepared 
partly for this reason, but more largely because a summary of 
our present knowledge of the subject seems desirable. 

Thirty-six analyses of American roofing slates have been 
compared and used in the preparation of an average. These 
analyses include all the published records noted by the writer in 
the course of an examination of the literature, together with 
several unpublished analyses obtained from the records of the 
chemical laboratory of the U. S. Geological Survey. The 
writer’s acknowledgments are due to Dr. F. W. Clarke and Dr. 
W. F. Hillebrand for aid in this work. 

Geographical distribution of the slates—The thirty-six analyses 
of slate discussed in this paper represent material from eleven 
states, representing twelve distinct slate-producing districts. 
While this geographic distribution is fairly representative of the 
present condition of the slate industry in the United States, it is 
by no means representative of the available supply of good 
material ; for, of the twelve states from which analyses are on 
file, ten are states of the Atlantic seaboard, or closely adjacent 
thereto. Utah and California furnish the remaining analyses. 
This distribution is due to purely commercial causes, which have 
prevented the exploitation of equally good material located in 
other states, but without transportation facilities or markets. To 
this extent, therefore, the analyses are not as representative of a 
given type of material as one might wish. 

Geologic distribution of the slates— Owing in large part to the 
geographic distribution of the analyses, the geologic distribution 
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has no very wide range. This is due to the fact that in the Atlantic 
states, which, as above noted, furnish the bulk of the analyses, 
the true roofing slates are practically confined to the formations 
below the Medina. Two exceptional instances are represented 
in the series of analyses. One is a highly metamorphosed slate 
of doubtfully Carboniferous age; the other is a rather soft slate 
of undoubted Upper Devonian age. With the exceptions of 
these two eastern slates, and of the Jurassic slates of California, 
the analyses represent merely the Ordovician, Cambrian, and, 
doubtfully, pre-Cambrian. The table below gives the geologic 
distribution of the analyses in detail : 


Number of 


Age Analyses 
Jurassic - I 
Carboniferous ? I 
Devonian I 
Upper Silurian fe) 
Ordovician 11 
Cambrian 16 
Pre-Cambrian, Cambrian, or Ordovician 6 

36 
rABLE I. 


RESULTS OF THIRTY-SIX ANALYSES OF AMERICAN ROOFING SLATES. 


Number of 


Determina- Maximum Average Minimum 
tions 
— = 

Silica (SiO,) “a paenen Kenkes 33 68.62 60.64 54.05 
Alumina (Al,O,)-++ titanic oxide (TiO,) 32! 24.71 18.05 9.77 
Ferrous oxide (FeO) 19 6.81 3.66 0.97 
Ferric oxide (Fe,O,) 19 7.10 2.25 0.52 
otal iron oxides (FeO + Fe,O,)...... 33 10.66 6.87 2.18 
Lime (CaO) 34 §.23 1.54 0.00 
Magnesia (MgQ) . ‘ seaeewe 34 6.43 2.60 0.12 
Potash (K,O)....... verrrr eT T 26 5.54 3.69 0.72 
Soda (Na,0)....... TTT TORT TTT 26 3.15 1.19 0.20 
rotal alkalies (K,O-+ Na,O) 29 8.68 4.74 1.93 
Pyrite (FeS,) ....... iSeaeneneas 18 0.38 | 
Carbon dioxide (CO,) 16 ‘ 1.47 
Water of combination............... 15 3.51 
Moisture, below 110° ¢ , er 16 sewn 0.62 


‘In nineteen of these, titanic oxide was separately determined, though it has 
here been included with the alumina. The average of these nineteen determinations 


gave 0.73 per cent. TiQg. 
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Average chemical composition of American shales —In Bulletin 
768, U. S. Geological Survey, on pp. 16, 17, Dr. Clarke has 
quoted a series of composite analyses of American sedimentary 
rocks. The material was selected and the samples were pre- 
pared by Mr. G. K. Gilbert, assisted by Mr. G. W. Stose, and 
the analyses were made by Dr. H. N. Stokes in the chemical 
laboratory of the Survey. 

These composite analyses, so far as they relate to shales, are 
reprinted here as Table II. The determinations of a number of 
minor constituents are omitted. In this series each individual 
shale was taken in amount roughly proportional to the mass of 
the formation which it represented. The samples were then 
mixed into one uniform sample from which, by a single analysis, 
an average composition was determined. 

In column I is given the result of an analysis of twenty-seven 
Mesozoic and Cenozoic shales; and in column 2 that of fifty- 
one Paleozoic shales. Column 3 gives the average of these two 
determinations, giving them, respectively, weights as 3 to 5. 
The values in this column are, therefore, an approach to the 
“average shale” composition. 

TABLE II. 


COMPOSITE ANALYSES OF AMERICAN SHALES. 


SA Cady co's cv cnne enedqeces sees 55-43 60.15 58.38 
Alumina (A],O,) eee rer 13.84 16.45 15.47 
Titanic oxide (TiO, ) 0.4060 | 0.76 0.65 
POPvOUS GINS (POU) soc ccccccvces seeses 1.74 2.90 2.46 
Ferric oxide (Fe,O,)...... 4.00 4.04 | 4.03 
FO a eer eee rere eT 5.96 1.41 3.82 
Magnesia (Mg) .. ; aie aaraaes 2.67 2.32 2.45 
Potash (K,O) ‘ ‘a 2.67 2.60 | 3.25 
I sci bacaicn chun cane wanes 1.80 1.01 1.31 
Carbon dioxide ............ ak tweets 4.62 1.46 | 2.64 
Water of combination........ ‘ cool 3.45 3.82 3.68 

2.11 0.89 1.34 


Moisture, below 110° C..... 2... cece cece 


It may be noted in passing that some of the differences in 
composition between the Paleozoic and the later shales were, 
either in degree or in kind, contrary to what might have been 
expected, from a purely theoretical standpoint. The writer is 
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at present inclined to believe that these unexpected results are 
susceptible of a rational, though decidedly novel, explanation. 
In case this belief is supported by the results of investigations 
now in progress, this explanation will be presented in a later 
paper. 

Comparison of ‘average slate’? and “ average Paleoszotc shale”’ 
analyses. —As thirty-five of the thirty-six slate analyses are of 
Paleozoic material, the ‘“‘average slate’’ will obviously be com- 
parable most directly with the composite analysis of the fifty-one 
Paleozoic shales. The necessity for restricting the comparison 
in this manner is accentuated by the fact, above intimated, that 
the Paleozoic and the later shales are not themselves directly 
comparable. 

The average slate contains 60.64 per cent. of silica, as against 
60.15 in the Paleozoic shale. Alumina and titanic oxide together 
amount to 18.05 per cent. in the slate, and to 17.21 per cent. in 
the shale, the titanic oxide being practically the same in both. 

While the proportions of ferrous and ferric iron oxide in the 
slate and shale are reversed, the fofa/ amount of iron oxides is 
very close, being 6.87 in the slate and 6.94 in the shale. The 
lime and magnesia show the first interesting difference, and this 
is but slight. While their ratios are closely alike in the two 
MgO 
CaO 
total lime and magnesia in the slate is 4.14 per cent., and in the 


rocks ( 1.688 in the slate, and 1.646 in the shale), the 


shale 3.73 per cent. A somewhat similar case occurs with the 

, K_O . ‘ 
alkalies. Here Nao 3.101 in the slate, and 3.564 in the 
shale; while the total alkalies amount to 4.74 and 4.61 per cent. 
respectively. 

The variations in carbon dioxide, water of combination, and 
moisture are so slight that they would not appreciably affect the 
percentages of the other constituents, with the exception of silica 
and alumina. 

Summary of results —The results of the comparison are mainly 
negative, but they are of value even in that way. 


The average slate is practically identical in composition with 
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the average shale. It contains slightly more of certain readily 
soluble constituents than does the average shale. This is to be 
accounted for by the fact that the slate is, on the whole, made 
up from finer materials than the shale; if it were otherwise, its 
cleavage would not be so perfect. During the change from shale 
to slate—or from mud to slate—its composition, omitting water 
from consideration, was practically unaltered. The only effect 
of metamorphism was the assumption of slaty cleavage, and this 
was effected without the introduction of any new constituent. 

Incidentally, the statement in the preceding paper, that the 
green slate from Slatington, Calif., differs in composition from 
any normal clay slate, is entirely justified. 

Epwin C. ECKEL. 
U. S. GEOLOGICAL SURVEY, 
Washington, D. C. 











ARAPAHOE GLACIER IN 1903.’ 


A visit to Arapahoe Glacier, in the cirque on the east side of 
Arapahoe Peak, west of Boulder, Col., in 1903, for the purpose 
of comparing its present condition with that existing at the time 
of the preceding examination, brought to light some interesting 
and important facts. In 1902 we were on the ice on three 
different days during the last week of August. In 1903 the 
visit was made on September 2, only one day being spent on the 
ice by the writer, in company with Professor A. H. Felger, of 
Denver. The summer of 1902 was particularly favorable for our 
first visit because the high temperature and preceding shortage 
of precipitation had caused the snow to melt from the surface of 
the entire glacier up to the Bergschrund, which was exposed as 
a great, gaping break clear across the face of the glacier; but in 
1903, even at a great distance, it could be seen that snow still 
remained on the ice down to the main system of crevasses, while 
the Bergschrund was exposed for only a very short distance, 
which was perhaps due as much to the unusually cool spring and 
summer as to the greater fall of snow last winter. The greater 
part of the Bergschrund and many of the visible crevasses were 
partly or wholly filled with last year’s snow, though in some 
cases the snow merely formed a bridge instead of filling the 
crevasse, which made it dangerous traveling above the line of 
uncovered ice. 

On the whole, there was a slight increase in the height of the 
snow and ice along the north side and in the height of the ice 
along the terminal moraine, but at two points along the terminal 
moraine there has been a decided shrinkage during the year, 
which is of some importance. One such point is at the lake 
retained by the moraine, or rather where the central surface 
drainage system pours its waters into the lake, which is shown 
on the map (Fig. 2) and the photograph (Fig. 8) accompanying 

*For a general account of this glacier see this JOURNAL, Vol. VIII, p. 647. For 
a more detailed account see Vol. X, p. 839. 
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Dr. Fenneman’s paper. The other point of shrinkage is where 
the western surface drainage breaks through the moraine. Both 
of these ice valleys were greatly deepened, and their sides were 
much steeper than last year, which suggests stream erosion as 
the prime cause of the change in the face of the glacier at these 
points. However, as 
the surface streams flow 
southward, and their 
valleys are consequent- 
ly exposed to the full 
glare of the noonday 
sun and protected from 
cooling breezes, the 
confinement of heated 
air in the valleys is an 
element to be reckoned 


with in the problem of 





waste at these points. 
These surface streams Fic. 1—Diagram on exaggerated scale, the 
‘ roke » showing c re j ( f glacie Ww 
on the front of the broken line showing change in fr at of glacier ~ 
° . apparently in progress, from erosion and melting 
glacier are made possi- 
ble by the fact that for 
some distance back from the terminus the ice is free from open 


along water courses. 


crevasses into which the water arising from surface melting could 
otherwise plunge. Wasting at these points, while apparently 
gaining slightly, or at least fully holding its own, at other points 
along the front of the glacier shows clearly how a glacier may 
change the shape of its terminus, and consequently of its 
terminal moraine, as shown by the accompanying diagram. It 
is probable that the confusion of moraines several miles below 
the present terminus of Arapahoe Glacier, where they intersect 
each other at all angles, is partly due to the rapid and repeated 
changes in the end of the former ice tongue, as well as partly to 
the melting out of ice blocks in the moraine, as suggested by Dr. 
Fenneman. 

Where the surface stream enters the terminal lake the ice is 


now worn to the ground moraine, so that the water issues from 
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beneath the ice at the upper edge of the lake loaded with rock 
flour, and rises milky white abruptly through the clearer water 
gathered from the surface, forming a striking feature not found 
there in 1902, when, if it found its way into the lake at all, it was 
so diluted before reaching the surface that it did not attract 
attention. 

As would be expected from the deepening of the drainage 
valley leading into the lake, by vertical erosion, and the increase 
in its width by lateral erosion and melting, the area of the lake 
is much greater than in 1902, just as its area in 1902 was appar- 
ently greater than when examined by Professor Lee in the summer 
of 1900. 

Another noteworthy fact is that almost the entire front of the 
glacier was steeper in 1903 than in 1902, upon which subject 
more data and accurate measurements seem necessary before a 
satisfactory reason may be assigned for the change. 

Although the rate of flow for this glacier is unknown, it must 
surely be so slow as to require several years of normal or exces- 
sive precipitation or low temperature for its down-stream 
extension to recover from the effects of rapid waste during a 
series of warm, dry seasons. 

An analysis of the records of the Denver, Boulder, Sugar 
Loaf, Moraine, and Long’s Peak stations, as shown by the 
monthly statements of Mr. F. H. Brandenburg, Denver forecast 
official and section director of the Weather Bureau, indicates 
that from September I, I901, to September I, 1902, the precipi- 
tation was far below normal and the average temperature was 
much above normal. On the other hand, from September 1, 
1902 to September I, 1903, precipitation was considerably above 
normal and average temperature was much below normal. The 
highest of these stations is only 8,500 feet above sea-level, and 
the nearest is about ten miles distant, so the figures given for the 
stations would not exactly apply to the glacier, the altitude of 
which is about 13,000 feet; but the fact that all the stations 
record greater precipitation and lower temperature for the latter 
period than for the former period makes it appear exceedingly 


probable that the same condition would have been shown if a rec- 
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ord had been kept at the glacier itself. Furthermore, the cirque 
containing the glacier is in full sight from the brow of University 
Hill in Boulder, and during the autumn of 1902, winter of Ig02- 
3, and spring of 1903, the writer watched the peak as closely as 
possible, and was much impressed with the frequency with which 
clouds gathered in the glacial amphitheater when all was clear 
elsewhere. The snows began early in September and continued 
until late spring. 

It seems possible that the significance of the silt on the 
morainal bowlders in 1902 may have been misunderstood, as a 
similar condition was observed in 1903; and yet it is hardly pos- 
sible that the glacier flowed out over the moraine and then melted 
back to the base of the moraine between September, 1902, and 
September, 1903. A possible explanation suggests itself. The 
accumulation of snow on the glacier each year is known to be 
enormous, a great many feet in depth. The westerly gales are 
known to carry from the rim of the cirque to the glacier large 
quantities of dust and finely comminuted vegetable matter dur- 
ing every dry, windy period, which periods are common in that 
region and at that altitude. The accumulated snows containing 
such dust and vegetation cover the moraine to a great depth in 
winter. As the snow melts in the spring, the débris gradually 
accumulates at lower and lower levels, until finally it is left as 
silt on the tops of the bowlders and all over the moraine. Unfor- 
tunately, we brought none of it with us, and failed to make a 
minute examination of it under a good lens. The cause may be 
sufficient to account for the phenomena, but the subject is worthy 
of more extended investigation before announcing definite con- 


clusions. 
Junius HENDERSON, 
Museum, UNIVERSITY of COLORADO, 
Boulder, Col. 








THE APPALACHIAN RIVER VERSUS A TERTIARY 
TRANS-APPALACHIAN RIVER IN EASTERN 
TENNESSEE. 

In a very able and interesting paper, entitled ‘Geomorphology 
of the Southern Appalachians,” by Hayes and Campbell,’ con- 
siderable evidence is adduced in support ot the theory that the 
drainage of the southern Appalachian valley up to late Tertiary 
time was through one rather large subsequent stream, occupying, 
in general, the position of the upper Tennessee and Coosa Rivers. 
This river, which ran down, as they believe, east of Lookout Moun- 
tain, over what is now the Tennessee-Coosa divide, and directly 
into the Gulf, has been called by them the Appalachian River. 
The evidence given for the existence of such a river is threefold: 
‘“(1) the perfectly base-leveled divide between the Tennessee and Coosa River 
basins; (2) a comparison of the volume of material eroded from the Appa- 
lachian valley with that of the Tertiary sediments in central Alabama; and (3) 
the immaturity of the Tennessee gorge through the plateau below Chattanooga.’ 

The three lines of evidence will be taken up in the order given 
above and examined briefly in the light of other facts furnished 
by this region, to see if the Appalachian River theory is the 
most tenable. 

The Coosa-Tennessee divide—I\t is admitted by Hayes and 
Campbell that similar low divides are found between other river 
basins of the Appalachian valley from Pennsylvania southward; 
as between the Potomac and the James, and the James and the 
Roanoke ; but they do not believe that any great river ever flowed 

‘The writer came to the view advocated in this paper in 1896, while engaged in 
the field underdiscussion. The paper was written in May, 1897 as a report in a course 


in physical geography in Harvard University given by Professor W. M. Davis. Pub- 
lication has been delayed owing to a desire to make a more extended study of the 
problem in the field, but interest in other fields renders the making of such an exam 
ination improbable at an early date; it therefore seems best to present the paper in its 
original form 

7C. WILLARD Hayes AND Marius R, CampBELL, “Geomorphology of the 
Southern Appalachians,” National Geographic Magazine, Vol. V1, pp. 63-126. 


slbid., p. 109. 
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over those divides. The Coosa-Tennessee divide is, however, 
wider and if peneplained by backward-cutting small streams, 
those streams, they believe, should have a “dendritic inosculat- 
ing’ arrangement. 

By referring to the structural sheet of the ‘“ Ringgold Folio” 
of the United States Geologic Atlas, it will be seen that the width 
of the Coosa-Tennessee divide is easily explained by the struct- 
ure of the region. The floor of this valley is almost entirely of 
Knox dolomite and a Cambrian shale both tilted at various 
angles, and always valley-making. It seems quite clear that, 
throughout this region, topography depends upon structure rather 
than upon the size of the streams. The width of the Coosa- 
Tennessee divide is limited only by the conglomerate- and 
sandstone-capped strata approaching horizontalitv. On the east, 
the resistant capping is Silurian; on the west, Carboniferous. <A 
great river is evidently not necessary for the base-leveling of a 
region composed of the upturned dolomite and shales of this 
region. Cade’s, Ware’s and Tuckaleechee coves,’ east of Chil- 
howee Mountain, are examples of this. The floors of these coves 
are of deformed dolomite and Wilhite slate, a very calcareous 
slate, and are lowered as rapidly as the streams can cut down 
their channels through the Chilhowee sandstone. These coves 
are surrounded by massive conglomerates, sandstones and slates, 
and the streams which drain them have their sources practically 
within the coves. 

Dendritic branching of streams could hardly be expected ina 
region where the beds are varied in character (alternating harder 
and softer) and at the same time deformed into structures 
approaching parallelism, as these have been in this part of the 
Appalachian valley. Considering the structure and elevation of 
the region, it is difficult to conceive how the stream habit could 
be other than it is. 

The volume of material eroded and deposited —This evidence 
favoring the Appalachian River theory is briefly as follows: A 
stream occupying, in general, the present position of the Coosa- 
Alabama River is held responsible for the late Cretaceous and 


‘Knoxville Folio,” U. S. Geologic Atlas. 
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Tertiary sediments (Ripley, Lignite, Buhrstone, Claiborne, and 
White limestone ) deposited in an area, limited on the east by a 
line midway between the Alabama and the Chattahoochee, and 
on the west by a line similarly drawn between the Alabama and 
the Tombigbee Rivers ; sediments that occupy an area of 6,500 
square miles and a volume of 2,340 cubic miles. The volume of 
material carried away from the basin of the Alabama and its 
tributaries between the Cretaceous and Tertiary peneplains is 
about 622 cubic miles; but if we add to this the volume carried 
from between the two peneplains in the upper Tennessee valley, 
the total amounts to 2,500 cubic miles. 

If it be admitted that the only source of the Cretaceous and 
Tertiary sediments in the area named was from between the Cre- 
taceous and Tertiary peneplains in the two river basins, and that 
this detritus was carried out in the direction named, the evidence 
is conclusive that the Appalachian River was a reality. But 
from the character of the coastal plain beds in this particular 
area, it is doubtful if the Alabama River, or its ancestor, should 
be held wholly responsible for the strata lying along its lower 
course. At least one-third of the thickness of these beds shown 
in outcrops is of limestone, bearing quantities of corals and other 
fossils... The Alabama River cannot be held accountable for 
those deposits transported in solution or in a very finely divided 
state to the exclusion of the other rivers emptying into the 
Mississippi embayment. After the formation of the Nita cre- 
vasse in 1890, fine mud from the Mississippi River was deposited 
in Mississippi Sound even up to the mouth of Mobile Bay, driving 
out the fish and killing the oysters.?, The thickest and most 
important of the beds attributed to the Appalachian River, the 
Lignitic (goo feet), is composed of cross-bedded sands and 
clays, and would seem, at first sight, more than all others, to 
have been deposited by this river; but a study of the whole area 
shows that this formation increases in thickness and in coarseness 
toward the west, in western Alabama and in Mississippi; while 

‘EUGENE A. SMITH, L. C. JOHNSON, AND DANIEL W. LANGDON, JR., Report 
on the Geology of the Coastal Plain of Alabama (1894), pp. 107 ff 


‘ Lbid., p. 30. 
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east of the Alabama River it is very calcareous and “‘inconspicu- 
ous,"* showing that these sandy sediments were brought down 
from the west instead of from the north. Considering the nature 
and disposition of these sediments, and the decided notch in the 
Continental shelf nearly opposite Mobile Bay, and the tendency 
of the Gulf current to carry sediments eastward in this region, 
there seems no reason for believing that the Coosa-Alabama 
River was ever larger than it is at present. 

Character of the gorge below Chattanooga.—It is claimed that 
this gorge is too immature to have been the channel of the Ten- 
nessee since Cretaceous time, or during the erosion of the upper 
Tennessee valley. It is admitted that erosion has progressed 
much more rapidly on the upturned strata of the valley, but it is 
thought impossible that the river could make so wide a valley 
along one part of its course and be held within such narrow limits 
lower down. 

The rate of erosion in tilted soluble rocks, compared to that 
in horizontal beds of the same nature, capped by heavy beds of 
sandstone and conglomerate has never been definitely determined ; 
but the contrast is undoubtedly strong. The Nashville basin 
has been eroded in strata only slightly domed, while the streams 
leading therefrom pass through gorges in horizontal strata hav- 
ing only a slight siliceous covering. It is a notable fact, in this 
connection, that the valley of the upper Tennessee is eroded 
back toward the west only just to the beginning of the horizontal 
strata, and where the horizontal strata have been reached the 
slope is as steep and the distance cut into the horizontal beds is 
no greater than in the Walden gorge; and moreover, the streams 
that run from the Walden plateau east into the great valley have 
proportionally as narrow gorges with as steep slopes as has the 
Tennessee in its gorge. If the Appalachian River existed and 
the valley is older than Walden gorge, these side gorges are 
also older, and, according to this reasoning, should be wider; 
for the streams, although small, apparently carry all the waste 
brought to them. The wide coves on the eastern side of the 
valley made by small streams on upturned dolomite, and pre- 


"Tbid., p. 148. 
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sumably of the same age as the gorges on the west, have 
already been noted. 

It appears, then, that evidence favoring the existence of the 
Appalachian River is small, although this has been the view of 
some observers for more than twenty years. Long,’ in his report 
of the survey of the Tennessee and Holston Rivers in 1875, 
states this as his view, but gives little evidence for its support. 

A trans- Appalachian river.—What seems to the writer a more 
tenable view of the history of the drainage of this part of the 
Appalachian province follows. Up to the close of Cretaceous 
time the rivers flowed off toward the northwest from the axis of 
the Great Smoky Mountains, or in general, at right angles to this 
axis; and the more nearly base-leveled the Cretaceous peneplain 
became, the more the streams meandered uponit. The headwaters 
of these old rivers, which cut directly across the strike of the 
present valley strata, are now represented by the Doe-Watauga, 
Nolichucky, French Broad, Big and Little Pigeons, Little River, 
Little Tennessee, upper Tellico, Hiwassee, Ocoee, and upper Con- 
nasauga. After the uplift of the Cretaceous peneplain, by 
differential erosion the great valley began to be formed, and 
lateral subsequent branches pushed their way back along the 
strike of the valley-making strata. The uplift being greater in 
the northern part, the south-flowing subsequent streams, being 
the more accelerated, have cut back more rapidly than those 
flowing toward the north, and have made practically all the cap- 
tures in this region. This process of capturing has gone on until 
now all the original transverse streams have been turned from 
their courses across the Cumberland plateau southward into the 
Tennessee River, which alone maintains its course across the 
Walden plateau. The upper course of the original Walden gorge 
river has already been taken south by the Connasauga, while the 
Tennessee awaits a friendly pirate to conduct it south directly into 
the Gulf through a shorter and easier course. That the position 
of the master stream has been west of Lookout Mountain rather 

* LIEUTENANT-COLONEL S. H. Lone, “Report Relative to the Improvement of 


the Navigation of the Holston and Tennessee Rivers,” House Executive Document, 


Forty-Third Congress, Second Session, Vol. XV, No. 167, p. 16. 
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than east of it for a long period is indicated by the westward 
drainage on Walden plateau south of the gorge. The character 
of the Tertiary sediments in Alabama, as pointed out on a previ- 
ous page, indicates that the larger streams entered the Missis- 
sippi embayment west of the Alabama River. The mature swing 
of Walden gorge also suggests that the course of the river was 
established here when the region was nearly at base-level, 
previous to the uplift of the Cretaceous peneplain. 

A consideration of the failure to find any satisfactory process 
by which a stream, when once established in this easily eroded 
valley and flowing directly into the sea, could be diverted across 
Walden’s Ridge, together with the foregoing facts, renders the 
existence of a Tertiary river across the present valley and along 
the course of Walden gorge more probable than that of a Ten- 
nessee-Coosa, or Appalachian River. 

CHARLES H. WHITE. 





THE CONTACT OF THE ARCHAZAN AND POST- 
ARCHAZEAN IN THE REGION OF THE GREAT 
LAKES. 

THE accompanying map has been compiled from one published 
by the Geological Survey of Canada, to which was added the 
Adirondack region from one published in Van Hise’s Pre-Cam- 
bian Geology. ‘‘Archzan” is used to include the Huronian and 
Laurentian, as originally proposed by Dana. It does not here 
include the Animikie or Keweenawan, which are considered post- 
Archean. With this exception, Archzan is here used as the 
equivalent of the pre-Cambrian of many writers. 

The purpose of this paper is to bring out the peculiar step- 
like arrangement of the contact between the Archzan and post- 
Archean in the region of the Great Lakes. This is shown clearly 
on the map, where a heavy line has been drawn to emphasize 
this feature. The contact is further marked by the almost 
universal elevation of the Archzan several hundred feet above 
the succeeding formations. 

Beginning at the St. Lawrence on the east, we find the line of 
contact runs about 10° N. of W. to the southeastern corner of 
the Georgian Bay. The Archzan fronts the Paleozoic sediments 
nearly always as a hill rising one hundred or more feet above 


them. It is true the Archzan underlies the sediments, and per- 


haps as a fairly regular plain, but it would seem that there has 


been some disturbance by which a part of the Archzan has been 
relatively depressed. The contact of the Paleozoic follows 
closely this line of movement covering the lower part and abut- 
ting against the higher." 

The east shore line of the Georgian Bay runs 30° W. of N., 
and this may be taken as the line of contact. Only in the south- 
east corner do post-Archzan rocks appear. The Archzan rises 
in hills a few hundred feet above the water line. 

The contact north of Lake Huron again runs 10° N. of W. 

‘Compare WILSON, JOURNAL OF GEOLOGY, Vol. XI, p. 651 ff. 
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As before, the Archzan hills rise several hundred feet above the 
waters of the lake, and the post-Archzan sediments abut against 
them at the water’s edge. 

The general direction of the shore line from Sault Ste. Marie 
to Michipicotenis 15° W.of N. It is, however, not so regular as 
other parts of the coast. At Gross Cap, Mamainse and Gargan- 
tua the Archzan projects to the west in three sharp teeth with 
deep bays between. At each point there occurs a small area of 


Keweenawan rocks lying almost flat and rising but little above 


the waters of the lake. The Archzan hills rise, on the contrary, 


almost vertically for several hundred feet, and at a few miles 
from the shore reach as much as 1,200 feet. The line of disloca- 
tion in this region is not straight. but serrate. The general 
direction of all the north-bearing lines is, however, preserved. 

From Michipicoten the shore line trends due west, rising in 
steep, precipitous hills. No post-Archzan sediments are found 
in contact with the Archean, but Michipicoten Island of Kewee- 
nawan age is only a few miles south. 

From the mouth of the Pucaswa River the shore line bears 
about 18° W. of N., having the same high, precipitous Archzan 
cliffs, and with no post-Archzn sediments above water level. 

From Heron Bay the shore line again bears about 10° N. of 
W. as faras Nipigon Bay. Archean hills rise perpendicularly 
several hundred feet above the lake. In Nipigon Bay Keewee- 
nawan sediments appear, with interbedded lava sheets, the whole 
rising several hundred feet above the level of Superior. 

The contact here turns again to the north, but on the map 
does not appear to be so definite. The Archzan hills do not 
rise in vertical cliffs along the eastern shore of Lake Nipigoan, 
and in consequence the lava flows of the Keweenawan, having no 
definite walls to impinge against, spread out in irregular bays. 
The east shore of Lake Nipigon is prolonged into a deep, narrow 
bay at the south, and from this a valley leads through to Lake 
Superior, which is believed by Parks to be an old outlet of the 
lake. This valley and bay are in direct line with the east shore 
of Lake Nipigon and are taken to represent the counterpart of 


the coast lines described in earlier paragraphs. The Archzan to 
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the west of the line is much lower than that to the east of it,and 
is separated from it by a deep valley. The Keweenawan to the 
east of the line on Lake Nipigon is a shallow overflow. The 
physical features of this line are thus similar to the others, but 
with the characters less marked, due probably to the fading 
out of the force-producing dislocation. 

Eastward from the St. Lawrence the contact seems to run 25 
S. of E. and then east. With this region I am not personally 
familiar, but believe that here also the Archzan rises in steep 
hills above the adjoining, low-lying post-Archzan. 

[he two facts brought out above, viz., the step-like regularity 
of the lines of contact, and the difference in altitude of the rocks 
of the two periods, can be best explained, I believe, by assuming 
a dislocation in the Archean before the deposition of the post- 
Archean sediments. The southern part was depressed and 
probably changed in inclination, as suggested by Wilson in 
the paper quoted above. Sediments were deposited over this 
depressed part and abutted against the cliffs of the northern part. 
They also extended into the deeper valleys of the northern part. 
Perhaps even a considerable portion of the northern part was 
thinly covered, but, if so these rocks have since been removed. 

The regularity of the dislocation extends from longitude 75 
to longitude 88", and from latitude 43° to latitude 50°, or for 700 
miles by 500. For the greater part of the distance this line of 
fracture forms the northern and eastern shores of Superior and 


Huron. 
A. B. WILLMorr. 
SAULT STE. MARIE, CANADA, 
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RELATIONSHIPS AND HABITS OF THE 
MOSASAURS. 


THE 





THERE is, at present, no group of extinct reptiles which is 
better known than that of the mosasaurs or pythonomorphs ; 
there is no group concerning whose affinities and relationships 
there have been more discussion and differences of opinion; 
and, also, the writer may venture to add, there is no group of 
extinct vertebrates concerning whose phylogeny and taxonomic 
position there is now less ground for dispute. The mosasaurs 
are specialized aquatic lizards, descended from the immediate 
ancestors of the modern monitors, through the extinct aigialo- 
saurs, and which became wholly extinct near the close of Cre- 
taceous time. They belong among the Lacertilio and are more 
nearly related structurally and phylogenctically to the living 
monitors than are the monitors to the living amphisbaenas or 
chameleons. 

Whether the Squamata are an order, as is usually taught in 
text-books, a superorder, as Fiirbringer and Osborn suggest, or 
a subclass, as Gadow believes, scarcely affects the relations of 
their component parts, nor the value of the group as a whole, if 
all the other so-called orders of reptiles are raised to equal rank. 
But to make the Squamata a superorder, as does Osborn in a 
recent publication,’ while leaving far more specialized groups, 
such as the pterodactyls or turtles, in their former ordinal posi- 
tions, is manifestly inconsistent. I know not what may be the 
object of taxonomy unless to indicate the relative degrees of 
divergence or of specialization of organisms; and to separate 
the scaled reptiles from the Rhynchocephalia by superordinal 
characters, while the far greater differences between the pterodac- 
tyls and other reptiles, for instance, are accorded an ordinal value 
only, is, in my opinion, unjustifiable. Nor can it be said that 
the differences between a lizard and a snake have nearly as 

Vemoirs of the American Museum of Natural History, Vol. 1 (N. 1903), p. 456 
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much value as those between any other two groups of reptiles 
properly called orders. 

That the classification of the vertebrates will some time reach 
a fairly satisfactory stability is certain, but that this much-wished- 
for consummation is not at the present time a reality is painfully 
evident. Especially is the lack of a taxonomic equilibrium 
between the various groups of reptiles and those of the birds 
very apparent. In every group of organisms, where individuals 
and species are abundant, there is a constant, an almost unchecked, 
tendency to raise the lower divisions to a higher rank, without 
due regard to their relative values, so far as those of other 
groups are concerned; and this tendency will never be dis- 
couraged save by the general morphologist; the specialist usually 
lacks that breadth of view so necessary for a proper perspective. 
The ornithologists, especially, have been in the past a law unto 
themselves in this respect, without due fear of the results of their 
taxonomic misdeeds before their eyes. Twenty-five or thirty 
groups of birds have been given ordinal rank, while it seems . 
evident that the whole class scarcely presents as many or as wide 
internal differences, unless it be in a few forms, as are found in 
not a few single groups of reptiles that are usually called orders. 
But, I respectfully submit, the raising of the orders of reptiles 
to subclass rank, as Gadow has done, is not the proper solution 
of this difficulty. Unless we invent superclasses and super- 
kingdoms, or some entirely new classificatory denominations, an 
impassable wall will soon be reached, when all the orders are 
leveled up to subclasses, and we are no nearer a final symmetri- 
cal classification than we were, though there may have been 
many excellent opportunities for coining new names. 

The relationship of the mosasaurs to certain modern lizards, 
the Varanidae, was pointed out by Cuvier in his original descrip- * 
tion of the famous Maestrichtian example one hundred years 
ago. Goldfuss, Owen, and Marsh all recognized this rela- 
tionship as a real one, and refused to give to these animals 
the rank which Cope insisted upon giving. It was Baur, how- 
ever, who first strongly emphasized the importance of their 


varanid“affinities. He gave to the mosasaurs only a family rank 
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in the superfamily Varanoidea; perhaps an extreme view, but one 
which more recent discoveries have, I believe, in large measure 
substantiated. Gadow, very recently, has gone to the opposite 
extreme in separating the mosasaurs into a distinct subclass 
away from the subclass Squamata. Cope, notwithstanding his 
wide acquaintance with living and fossil reptiles, urged that their 
ophidian affinities were stronger than their lacertilian ones. Baur 
believed them to be only specialized and modified varanids; 
while Osborn has failed to see any marked varanid affinities in 
them, even suggesting that they did not arise from the same 
common stem. 

In 1892 Kramberger-Gorjanovic' described from the Lower 
Cretaceous (probably Gault) of the island Lesina, near the Dal- 
matian shores of the Adriatic, the remains of a remarkable lizard, 
which he called Aigialosaurus. While his figures have recently 
been shown to be incorrect in some details, and while some of 
his minor interpretations were manifestly wrong, he correctly 
assigned to his new genus and its allies an intermediate position 
between the true Varanidae and the Mosasauridae, suggesting that 
they had descended from the Varanidae and were ancestral to 
the Mosasauria, while from them had been derived the dolicho- 
saurs as a side branch. 

Aus unseren Betrachtungen aber folgt ganz unzweideutig, dass man die 
erwihnten fossilen Gattungen weder der Familie Varanidae, noch direkt den 
Pythonomorpha zutheilen kann. Sie sind einergemassen Collectivtypen, welche 
an sich Merkmale zweier Unterordungen u. zw. der Lacertilia und Pythono- 
morpha tragen, . . . . eine Uebergangsgruppe zwischen die Unterordnungen 
Lacertilia und Pythonomorpha zu stellen ist. 

His conclusions regarding the relationships of the Mosa- 
sauria are the more creditable from the fact that the only 
information available to him at that time concerning them was 
incomplete, and in part erroneous Nevertheless, so apparent 
were they that both Boulenger and Dollo accepted them, recog- 
nizing in Aigialosaurus an ancestral type. 

More recently, Kornhuber® has described and figured, in an 

**Rad” der siidslavischen Akademie der Wissenschaften und Kunst (Agram), 
Vol. CIX, pp. 96-123; Plate I, ff. 1, 2; Plate II, ff. 1, 2, 4. 


2 Abhandlungen der k.-k. geologischen Reichs-Anstalt zu Wien, 1901. 
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excellent way, the remains of another lizard from Lesina, closely 
allied to Azgialosaurus. So evident were the relationships of his 
Opetiosaurus to Varanus that he was inclined at first to unite 
them in the same genus. Unfortunately Kornhuber was appa- 
rently ignorant of the recent publications by Merriam, Osborn, 
and the writer upon the mosasaurs. Had he been more familiar 
with the structure of the mosasaurs, I doubt not that he would 
have recognized more clearly their relationships, and would have 
detected certain wrong determinations, clearly apparent in his 
figures, and recognized by Nopcsa—the supraorbital, nasals, 
columella, etc. There is no supraorbital in the mosasaur skull. 

To Nopesa,’ very recently, is due the credit for correctly 
estimating the value of the various annectant characters in these 
and the other known Cretaceous lizards. His views, though only 
amplifications and confirmations of those held by other writers, 
are supported by such undeniably forceful arguments that they 
cannot be gainsaid. 

Aigialosaurus and Opetiosaurus especially, with other Lower 
Cretaceous lacertilians, were clearly in a direct ancestral line 
between the mosasaurs and the undoubted direct ancestors of the 
modern monitors, thus confirming Baur’s views and disproving 
those of Osborn. These semi-aquatic lizards lived, evidently in 
abundance and in many forms, during the latter part of the 
Lower Cretaceous time, at least in southern Europe. The earliest 
mosasaurs of which we have any knowledge are probably 
those from the Cenomanian of New Zealand, and it is not at all 
improbable that their birthplace was somewhere near the Medi- 
terranean Sea, at or near the close of the Lower Cretaceous. 
Dollo long ago expressed the opinion that the center of disper- 
sion of the mosasaurs was somewhere in the vicinity of New 
Zealand, and his views were probably not far wrong. They 
reached northern Europe shortly after the beginning of the Upper 
Cretaceous, and North America before the beginning of the 
Senonian, 

Aigialosaurus and Opetiosaurus especially —for they are closely 
Ocesterreich-Ungarns und des Ortents. 


' Bett ur Paleontologie und Geol: 


4 s 4 


XV (1903), Plates V, VI 
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allied—so far as the structure of the skull is concerned, present 
a most striking resemblance to the mosasaurs, save perhaps in 
the absence of pterygoid teeth. They have the same peculiar 
form of the quadrate, similar teeth, similar frontal and parietal 
bones, nares, and, most remarkable of all, the same peculiar 
hinge in the lower jaws, unknown in other reptiles. Were the 
vertebrz and ribs to be found in the Kansas chalk unassociated 
with limb bones, they would almost without hesitation be 
referred to the mosasaurs. The hands and feet have the same 
strong resemblances in their form, but there is no hyperphalangy, 
a character but feebly indicated in some of the mosasaurs. In 
the elongated limb bones, and especially in the presence of a 
true sacrum, the real differences between these reptiles are seen. 
On the other hand, it is especially in those characters wherein 
they resemble the mosasaurs that they differ from the monitors. 
Like the mosasaurs, they have but seven vertebrz in the neck, 
a number found in no other scaled reptiles. It is very certain 
that they had webbed feet, though the claws had not dis- 
appeared, 

That the varanids are a very old group, dating at least as far 
back as the Jurassic, seems highly probable, especially so in the 
light of the recent discovery of an iguanid lizard by Broom in 
the Karoo beds of South Africa. As was long ago shown by 
Boulenger, Beddard, and others, the Varanidae are an isolated 
group among modern lizards, distinguished not only in the 
structure of their skeleton, but also by many other characteristic 
differences in their anatomy. 

In my opinion, there are no more striking examples of evo- 
lution presented in all vertebrate paleontology than that of the 
aquatic mosasaurs of the Upper Cretaceous, through the semi- 
aquatic aigialosaurs of the Lower Cretaceous, from the terrestrial 
varanoids of the lowermost Cretaceous or Upper Jura. 

That the snakes originated from the lizards much earlier than 
we have any definite knowledge would seem very probable. We 
have no certain evidence of them prior to the latter part of the 
Upper Cretaceous, that is, the Laramie; but, since it now seems 


almost certain that at least two distinct phyla of the lizards lead- 
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ing to modern forms had become well differentiated by the close 
of the Jurassic, or shortly thereafter, it is not at all unreasonable 
to suppose that the snakes had branched off as early as, or 
earlier than, the beginning of the Lower Cretaceous. 

The relationships of the chief groups of the Squamata may be 
expressed as follows: 

Order Squamata (Lepidosauria). 
Suborder Sauria (Lacertilia). 
Superfamily Platynota. 
Family Varanidae Gray. Pleistocene—recent. 
Genus Varanus Merrem, India, Australia, Africa. 
Family Dolichosauridae (Kramb.) Nopcsa. Cretaceous. 

Genera: Dolichosaurus Owen, Acteosaurus Meyer, Pontosaurus 
Kramb., Adriosaurus Seeley. 

Family Aigialosauridae (Kramb.) Nopcsa. Lower Cretaceous. 

Genera: Aigialosaurus Kramb., Carsosaurus Kornh., Ofetiosaurus 
Kornh., A/esoleptus Carnalia. 

Superfamily Mosasauria. 

Family Mosasauridae Gervais. Upper Cretaceous. 

Genera Mosasaurus Conyb., Clidastes Cope, Platecarpus Cope, 
Tyl/osaurus Marsh, Baptosaurus Marsh, Plioplatecarpus Dollo. 
Hainosaurus Dollo, Prognathosaurus Dollo, Phosphorosaurus 
Dollo, Prachysaurus Williston. 

Superfamily Kionocrania (true lizards). Trias— recent. 

Superfamily Amphisbaenia. Oligocene —recent. 

Superfamily Rhiptoglossa (chameleons). Recent. 

Suborder Serpentes (Ophidia), Laramie Cretaceous — recent. 

It is a remarkable fact, for which there has never been any 
adequate explanation, that the mosasaurs are wholly unknown 
in the juvenile condition. Altogether, throughout the world, 
more than three thousand specimens of these animals have been 
brought to light during the past century, and every one of them, 
so far as my own knowledge goes—and I have seen many hun- 
dreds—and so far as anything that has been published would 
indicate, is supposed to be of an adult or fairly mature animal. 
Not a single specimen which can be suspected to be embryonic 
is known. I hardly think that the same can be said of any other 
group of extinct aquatic animals. In the Cretaceous of Kansas 
the young of the plesiosaurs are fairly common, perhaps every 


third or fourth specimen showing immaturity. I have found 
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them in almost every stage of adolescence, and the embryos 
have been discovered in Europe. Furthermore, I have often 
sought in vain for the remains of young mosasaurs in the stom- 
ach contents of different animals in the Kansas Cretaceous, and 
in the bone-beds, which rarely occur in that formation. Under 
such apparently favorable circumstances as are presented by the 
chalk deposits of western Kansas, the seemingly entire absence 
of all remains of young mosasaurs is inexplicable. Half-grown 
forms do occur, but none that are very young. As I have pre- 
viously remarked, it is certain that all mosasaurs did not die of 
old age. Indeed, the many hyperostosial mutilations of ante- 
mortem origin indicate only too well the fierce struggles the 
mosasaurs had with the carnivorous enemies of their own and 
other kinds. 

If the mosasaurs were exclusively marine animals, it would 
seem almost certain that they were not viviparous, as were the 
ichthyosaurs, and probably also the plesiosaurs, and as are some 
modern lizards. As Fraas has remarked concerning the European 
ichthyosaurs, if one searches carefully, he will find in many Kan- 
sas specimens the remains of the skin and stomach contents, 
but never has there been found anything which has the faintest 
suggestion of mosasaur embryos. No aquatic reptiles of the pres- 
ent time lay their eggs in the water. The sea snakes are vivipa- 
rous, or at least all available information concerning them gives 
viviparous habits. The sea turtles and the crocodiles lay their 
eggs upon the beaches, the latter guarding their nests and young. 
Doubtless the crocodiles of the past had the same beach-laying 
habits, suggesting that they were never inhabitants of the 
open oceans. The mosasaurs must have been practically helpless 
upon land; stillit is notimpossible that they may have frequented 
the beaches for the deposition of their eggs, though it is highly 
improbable that they gave any attention or care to either their 
eggs ortheir young. That the eggs of the mosasaurs were more 
numerous than are those of the terrestrial lizards of the present 
time is not to be supposed. The waters in which the mosasaurs 
flourished swarmed with highly predaceous fishes, sharks, and 
plesiosaurs, to say nothing of the hordes of their own kind; and, 
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unless the eggs were very numerous, or unless the young were 
jealously guarded by the parent, the young reptiles must have 
stood very little chance in the fierce struggle for existence. 

It is, of course, possible that the shallow waters of the bays 
and estuaries may have afforded sufficient protection for the young 
mosasaurs, but this is doubtful, in the entire absence of all 
remains of such animals in marine deposits. It seems more prob- 
able that the mosasaurs were brought forth, perhaps alive, in 
fresh water, that the females ascended the rivers to breed, and 
that the young remained in such protected places until fairly able 
to care for themselves. That the mosasaurs, as also the aigial 
osaurs, were in part denizens of fresh water may be, perhaps, one 
reason for the great relative abundance of their remains in the 
deposits of inland or protected seas. Their occurrence in Kan- 
Sas associated with great numbers of small turtles, pterodactyls, 
and birds would seem to be fairly good evidence that they were 
more littoral than pelagic in their habits. 

That mosasaur remains have never been found in fresh-water 
deposits is not at all conclusive in controversion of this hypoth- 
esis. We know very little indeed, if anything at all, of the fresh- 
water life that existed during the times when the mosasaurs 
flourished. Possibly the Belly River deposits may furnish some 
evidence bearing on this hypothesis, though I suspect that the 
mosasaurs had disappeared in America before the time of those 
deposits. 

It will be of interest to record here certain additional facts 
concerning the structure of the mosasaurs. A most extraordi- 
narily complete specimen, referred to Hlolosaurus abruptus Marsh, 
discovered by Mr. E. B. Branson in western Kansas the past 
summer, has a slight emargination of the coracoids, finally and 
conclusively demonstrating the invalidity of this character in the 
separation of the genera. The scales of this form, as apparently 
also of other species of Platecarpus, are without carina. 

The pubes meet in a perfect symphysis, not as they are always 
figured in text-books. The ilia were suspended vertically, 
and the depth of the body posteriorly is greater than the restora- 


tions indicate. The upper ends of the ilia were in relation, not 
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with the first of the pygal vertebra, as I have contended, but 
with the second or third at least, as Dollo believed. There were 
more than ninety vertebrz in the tail. The skeleton measured 
more than twenty feet in length as it lay in the chalk, with nearly 
every bone in its proper position. The entire skeleton has been 
brought to the laboratory in chalk slabs, and when it is finally 
prepared will, I believe, add a number of new facts to our already 
full knowledge of these remarkable animals. 


S. W. WILLISTON. 
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SUMMARIES OF PRE-CAMBRIAN LITERATURE FOR 1Igo2-1903. I. 
Continued from Vol. X, ~. 073.) 
C. K. LEITH. 


ARTHUR KEITH. ‘ Description of the Cranberry Quadrangle of North Caro- 
lina and Tennessee."” Geologic Atlas of the U. S., Cranberry Folio, No. 


go, U.S. Geological Survey, 1903, pp. I-9. 


Keith describes and maps the geology of the Cranberry quadrangle of North Caro 

lina and Tennessee, along the junction of the Piedmont Plateau and Blue Ridge. 
Archean, and doubtful Algonkian, rocks occupy all but the northwest corner of the area. 
lhe Archzean rocks are mapped and described under the heads: Carolina gneiss, Roan 
gneiss, soapstone, Cranberry granite, Blowing rock granite,and Beech granite. The 
Carolina gneiss is the oldest rock of the ridge and consists of interbedded mica-schist 
mica-gneiss, and fine granitoid layers. he Roan gneiss consists of hornblende 
gneiss, hornblende-schist, diorite, with some interbedded mica-schist and gneiss, all 
cutting the Carolina gneiss. Soapstone, resulting from the alteration of peridotite and 
pyroxenite, occurs in bodies closely associated with the Roan gneiss and probably of 
the same age rhe Cranberry granite is the most extensive formation in the district, 
occurring chiefly in the mountain districts. It consists of granite and of schist derived 
from granite, and cuts the Roan gneiss and Carolina gneiss. All of the before-named 
rocks are cut by the Blowing rock gneiss and the Beech granite, which are considered 
to be of the same age. 

Four formations are classed as doubtful Algonkian. ‘These are: Linville meta 
diabase an altered greenish diabase and gabbro; Montezuma schist a blue and 
green epidotic schist, probably altered basal, and amygdaloidal basalt; Flattop schist, 

—a gray and black schist, probably altered andesitic rocks ; meta-rhyolite a grayish 
meta-rhyolite and rhyolite porphyry. The first of these appears to be the lower part 
of a surface flow, and the last three are of surface volcanic nature. 

T. L, Watson. ‘“ Copper-bearing Rocks of Virgilina Copper District, Virginia 
and North Carolina.” Pudlletin of the Geological Society of America, Vol. 
XIII (1902), pp. 353-76. 

Watson describes the copper-bearing rocks of the Virgilina copper district of 
Virginia and North Carolina and shows the adjacent rocks to be pre-Cambrian meta- 
morphosed andesite associated with corresponding volcanic clastics. All are col- 
lectively referred to as greenstones, and are thought to be similar to greenstones 
lescribed as occurring along the Atlantic coast region from eastern Canada to Georgia, 


and from Alabama to the Lake Superior region. 
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ARTHUR KEITH. ‘Geology of the Piedmont Plateau Area ot the Washing- 
ton Quadrangle." Geologic Atlas of the U. S., Washington Folio, No. 70, 
U. S. Geological Survey, gol, pp. 2, 3. 

Keith describes and maps the geology of the Piedmont Plateau of the Washington 
juadrangles. Igneous rocks of Archean age are mapped under the following headings ; 
biotite-granite, soapstone and serpentine (altering from peridotite and pyroxenite), 
gabbro, meta-gabbro, diorite and meta-diorite (including granite, gneissoid granite 
and schistose granite), and Carolina gneiss (including mica-gneiss, mica-schist, and 
small bodies of granite, schistose granite, and diorite). In age these rocks rank in the 
order named, the Carolina gneiss being the oldest. Also the relative areas of the 
groups nearly correspond with their ages. 

[. NELSON DALE. “Structural Details in the Green Mountain Region, and 
in Eastern New York.” Audletin of the U. S. Geological Survey, No. 
195, 1902. 

Dale sketches structural details in the Green Mountain district and in eastern 
New York, such as folds, cleavage, joints, and faults, some of them in the pre-Cambrian 
rocks 
F. J. H. MERRILL. “ Metamorphic Crystalline Rocks of the New York 

Quadrangle. Geologic Atlas of the U. S., New York City Folio, No. 83, 

U.S. Geological Survey, 1902, pp. 3-5. 

Merrill describes the metamorphic crystallinc rocks of the New York quadrangle. 
Of these only one, the Fordham gneiss, is of pre-Cambrianage. The petrography of 
this gneiss is described. No opinion is expressed as to its sedimentary or igneous 
origin Or as to its Algonkian or Archwan age. 

C. H. SMyTu, Jx., AND D.H.NEWLAND, “ Report on Progress Made During 
1898, in Mapping the Crystalline Rocks of the Western Adirondack 
Region.’ Eighteenth Annual Report of State Geologist for 1898 pub- 
lished in Fifty-second Annual Report of the New York State Museum (for 
1898), Vol. II, 1go00, pp. 129-35. 


Smyth and Newland report progress in the mapping of the crystalline rocks of 
the western Adirondack region. Inclusions of hornblende schists found in the more 
acid gneisses of the region are believed to afford important evidence as to the origin of 
the gneisses. Also light red granitoid gneiss has been found intrusive into a gray 
gneiss, indicating, as before held, that all the gneisses are not of the same age, 


Certain of the gneisses are found to be younger than, and intrusive into, certain schists 


associated with the limestones. 
H. P. CusSHING. ‘“ Recent Geologic Work in Franklin and S. Lawrence 
Counties, N. Y."" Nineteenth Annual Report of State Geologist for 1g00, 


published in Fi/ty-third Annual Report of the New York State Museum, 

Vol. I, 1902, pp. r 23-95. 

Cushing discusses recent geological work in Franklin and St. Lawrence counties, 
N \ . and cone ludes : 


1. That the Adirondack anorthosite is cut intrusively by an augite syenite, which 


is therefore younger. 
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2. That, while the larger part of the augite syenite of the Adirondacks is in such 
situation with respect to the anorthosite as to render impossible any determinations of 
relative age, its general character is so uniform throughout that it is exceedingly prob 
able that it is all of the same approximate age and consists of intrusions from the 
Same source. 

3. That at their borders these syenites pass over into granites, part of which at 
least cut the syenite eruptively, and are therefore younger. 

4. That the syenite grades into granite on the one hand, and into gabbro diorite 
on the other, and apparently into anorthosite as well. 

5. That the three together, anorthosite, syenite, and granite, form a great eruptive 
complex in the heart of the Adirondack region, and that all are younger than the (in 


part at least) sedimentary Grenville rocks. 


H. P. CusHinG. ‘“ Pre-Cambrian Outlier at Little Falls, Herkimer Co., N. 
Y.” Nineteenth Annual Report of State Geologist for 1go0, published 
in Fifty-third Annual Report of New York State Museum, 1900, pp. 


Cushing describes a pre-Cambrian outlier at Little Falls, in Herkimer county, N. 


Y., and points of difference with the syenite of the Adirondacks. 


A. W.G. Witson. “The Laurentian Peneplain.”” JOURNAL OF GEOLOGY, 

Vol. XI (1903), pp. 615-69. 

Wilson describes the Laurentian peneplain of the great pre-Cambrian shield of 
Canada and adjacent portions of the United States. Ihe peneplain is an ancient 
one, which has undergone differential elevation, has been denuded, and subsequently 
slightly incised around the uplifted margin. At several places on the margin, as 
exposed today, the dissection may be regarded as submature. The date of the major 
development of the peneplain is not determined, but may be pre-Ordovician or Creta 
ceous. Around the southern margin between Montreal and Winnipeg there are 
traces of a peneplain (or probably more than one) of still earlier date, upon which pale 
ozoic sediments were laid down, and which has been uncovered by processes of degra 


dation and denundation since the differential uplift of the latest peneplain. 


S. WEIDMAN. “The Pre-Potsdam Peneplain of the Pre-Cambrian of North- 
Central Wisconsin."’ JOURNAL OF GEOLOGY, Vol. XI (1903), pp. 289-313. 
Weidman describes a pre-Potsdam peneplain of the pre-Cambrian of north-cen- 

tral Wisconsin and shows the same to slope gradually to the south, where itis covered 

by Paleozoic sediments. Several monadnocks stand above the pre-Potsdam peneplain. 

Extensive clay deposits near the contact of the Paleozoic and the pre-Cambrian are 

believed to have developed during the pre-Potsdam base-leveling. 

Comment. he peneplain described by Weidman is perhaps to be correlated 
with the pre-Paleozoic peneplain described by Wilson as appearing about the periphery 
of the great pre-Cambrian area of Canada, with a slope inclined to the great pene- 
plain of the pre-Cambrian interior. It is of interest also to note that evidence of pre- 
Cambrian base-leveling has been described by Crosby near Manitou, Col., and that 
Crosby has called attention to the widespread occurrence of such a plain in North 
America. 

*W. O. Crossy, “ Archean Cambrian Contact Near Manitou, Col.” Audletin Geo 
logical Society of America, Vol. X (1899), pp. 141-64. 
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REGINALD A, DALY. “ Variolitic Pillow-Lava from Newfoundland.” Amert- 
can Geologist, Vol. XXXII (1903), pp. 65-78. 
Daly described variolitic pillow-lava from Newfoundland, and calls attention to 
the widespread occurrence of this or similar rocks, frequently called ellipsoidal green- 
stones, in Minnesota, New Brunswick, California, and Michigan. 


R. W. Etxis. “The Progress of Geological Investigation in Nova Scotia.’ 
Proceedings and Transactions of the Nova Scotian Institute of Science, 
Vol. X, Part 4 (1901-1902), pp. 433-46. 


Ells summarizes the progress of geological investigation in Nova Scotia. 


L.C. GRATON. ‘On the Petrographical Relations of the Laurentian Lime- 
stones and the Granite in the Township of Glamorgan, Haliburton County, 
Ontario.”” Canadian Record of Science, Vol. 1X (1903), pp. 1-38. 

Graton describes in detail the petrographical relations of the Grenville limestones 
and granite in the township of Glamorgan, Haliburton county, Ontario. His conclu- 
sions are of importance as bearing on the relations of limestones and gneisses over other 
extensive areas in eastern Canada, the Adirondacks, and New Jersey. He summari- 
zes his conclusions as follows: 

rhe district exhibits a development of Grenville limestone pierced by intrusions 
of gneissic granite which contain masses of dioritic rock. 

Considerable deformation took place during the intrusion. 

Between the limestone and the granite is a highly brecciated zone, holding large 
amounts of lime-rich silicates which are eminently characteristic of contact metamor- 
phism. 

Diagenesis took plac e. 

lo a great extent, however, the elements, other than the lime necessary for the 
formation of these minerals, came from the intrusion and its accompanying exhala- 
tions 

The metamorphism, then, was largely also metasomatic. 

In the gray gneisses and in the granite are dark basic masses which represent 
fragments broken off from the limestone series and floated away into the igneous 
mass. They have been still more highly metamorphosed than the rocks from which 
they came, and have been more or less dissolved and changed in character by the 
granite. In other words, they have been partially “ granitized.” 

Ihe gray gneisses, which have the composition of quartz diorites, may represent 
an intermediate phase of this “ granitization ’—between the inclusions and the granite. 
rhis theory may account for the large amount of plagioclase feldspar found in the gran- 
ite itself. 

R.W.E tts. “Report on the Geology of Argenteuil, Ottawa and Part of Pon- 
tiac Counties, Province of Quebec, and Portions of Carleton, Russell and 
Prescott Counties, Province of Ontario.’’ Annual Report of Geological 
Survey of Canada, Vol. XII (1899), New Series, pp. I j-138}. 

Ells maps and describes the geology of Argenteuil, Ottawa, and part of Pontiac 

counties, province of Quebec, and portions of Carleton, Russell, and Prescott counties, 

province of Ontario, covering most of what has long been known as the Original Lau- 


rentian district, and summarizes previous work in this district. Archzean rocks, 
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occupying most of the area north of the Ottawa River, are mapped as crystalline lime- 
stone, gneiss, quartzite, anorthosite, granite-gneiss and porphyry. In the text the 
limestones with the quartzites and gneisses associated with them are described as sed 
imentary and are classed as Grenville, and the underlying gneisses and granite-gneisses 
ure described as of igneous origin and are called Fundamental complex —inr this clas 
sification following previous writers It is evident that the rocks of the Grenville 


series are decidedly newer than those of the Fundamental division. As forthe numer- 


mus and often large area of red granite-gneiss, many of these are undoubtedly of 
more recent date than either of the others since they clearly cut both the gneiss and 
limestone While in some points the newer granite-gneiss presents features similar to 
the Fundamental division, as in the foliation of certain portions, there is, over large 


areas, a marked difference in their aspect in the field. 


\. OSANN. ‘“ Notes on Certain Archean Rocks of the Ottawa Valley.”” Annual 
Report of the Geological Survey of Canada, Vol. X11 (1899), New Series 
pp. 10 d40. 


Osann makes a detailed petrographic description of the crystalline rocks in the 


Original Laurentian area of the Ottawa Valley. 


WiLLet G. MILLER. ‘“ Lake Temiscaming to the Height of Land.” Refort 
f the Bureau of Mines, Ontario, 1902, pp. 214-30. 

Miller publishes geological notes taken on a canoe trip from Lake Temiscaming 
northward to the height of land Special attention was paid to occurrence of miner 
als of commercial value, and no mapping was attempted. He finds various kinds of 
igneous rocks, both plutonic and volcanic, such as granite, syenite, diorite, olivine 
diabase, quartz-porphyry, and others of less importance. In addition to these, most 
of the metamorphic fragmental rocks characteristic of the Huronian occur, among 
which may be mentioned quartzite, slate graywacke, and different varieties of the 
pyroclastic series, ash rocks, and agglomerates The popular belief that the height 
of land in this district represents the highest point of the surface from which sediment 
was derived for the formation of deposits of later age which lie to the southward 
is scarcely based on fact. He found what appear to be thick deposits of Huronian 
conglomerate and other water-formed material resting on the surface close to the 
height of land. It is evident from this that the surface level must have changed con- 
siderably since Huronian times, and that what is now the height of land may have 


once been a comparatively low-lying area, 


L. L. Botton. ‘“ Round Lake to Abitibi River.” Report of the Bureau of 


Mines, Ontario, 1903, pp. 173-90. 


/ 


] 


Bolton reports on the geological reconnaissance from Round Lake north to the 


\bitibi River in the district of Nipissing. Laurentian granite was seen near both the 


southeastern and southwestern corners of Eby. Elsewhere Huronian rocks are 
exposed. Of these there is a considerable variety, many of which are of fragmental 
origin. The following types were seen: diorite, diabase, brecciated conglomerate, 
slate, graywacke, hornblende schist, etc. As the rock outcrops of the district explored 


are, as a rule, separated by areas of sand, swampy, or clayey soil, the relations of the 


different types could seldom be worked out 
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A. P. COLEMAN. ‘The Sudbury Nickel Deposits.” Report of the Bureau 
f Mines, Ontario, 1903, pp. 235-303. 

Coleman describes and maps the nickel deposits near Sudbury, Ontario, and 
incidentally discusses the geology of the region. The probable succession and age of 
the rocks of the district is as follows, in ascending order: 

( Dikes of diabase. 

Keweenawan(?) ~ Younger Granite. 

{ Nickel-bearing eruptive; norite; micropegmatite; granite. 

Animikie (?) or Upper Huronian (?) — Oval area of tuffs, sandstones, and slates 

overlying the preceding. 

l.aurentian.—Granitoid gneiss. 

\ Green schists and greenstones. 


Upper Huronian + 
PI ( Arkoses, quartzites, and graywackes. 





It can hardly be said that the precise age of any of these groups of rocks is 
known, though they probably range from the base of the Upper Huronian to the 
Keweenawan, including the Laurentian as later than the Upper Huronian. No rocks 
undoubtedly of Lower Huronian age are known from the nickel district proper ; 
though the ranges of banded silica and magnetite extending through Hutton and 
Wisner townships to the north of the nickel area evidently belong to the Lower 
Huronian.? The latter rocks occur entirely inclosed, so far as known, in granites and 
gneisses, generally considered Laurentian, and have not been found in direct connec- 
tion with the rocks here described. 

rhe fact has been brought out that all of the nickel deposits are either on the 
basic edge of a great eruptive band, which at the opposite edge becomes a quartz 
syenite or granite, or in dike-like offshoots, often, however, interrupted by other rocks 


projecting from the southeastern basic edge of the great gabbro band. This band 


has been found to outcrop in a great oval, the north and south sides of which have 
been known respectively as the North and South nickel ranges. The structure is 
synclinal, and the center is occupied by Animikie or Upper Huronian rocks. 

There are two different types of deposits represented in the mines of the district : 
those along the southeastern margin of the main range, often crowded into bay-like 
indentations of the adjoining rock; and those strung out along the narrow off-shoots 
from the main range, as Peters suggests, “like sausages on a string, but with a long 
piece ot string between the sausages.”? Among the former class are the Creighton, 
Gertrude, Elsie, Murray, and Blezard mines; among the latter, the Copper Cliff, 


Evans, Frood and Stobie, and the Victoria and Worthington mines. Perhaps a third 








variety should be distinguished for the Vermilion mine, which contains rich nickel and 

copper ores, but has no visible association with a band of gabbro, having, however, 
en formed probably by hot ci g fluids proceeding from such a band. 

Che final impression left is that the marginal type of deposit is in the main 

t pluto rigin iqueous W rk being relatively unimportant; that in the offset 

type plut ; generally more important than aqueous action, though one example, 


that of the Worthington, suggests more complete rearrangement of the materials by 


ilating water; tl forming a transition to ordinary vein deposits wholly due to 
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C. K. Lerrn. ‘Moose Mountain Iron Range.” Report of the Bureau of 

Mines, 1903, pp. 318-21. 

Leith describes the Moose Mountain iron range in the township of Hutton and 
district of Nipissing. Iron formation consisting of magnetite, of banded magnetite 
and quartz, and of magnetite, associated with amphibole and epidote, occurs in bands 
and lenses in a complex of basic igneous rocks characterized by uniform abundance 
of amphiboles. Some of the greenstones are basal and some intrusive into the iron- 
bearing bands. Intrusive into the greenstone and probably into the iron formation 
are granite masses. Closely associated with the iron formation, but with relations 
unknown, is a pyritiferous graywacke. The ores and associated rock as a whole are 
in general similar lithologically to the Vermilion iron-bearing district of Minnesota, 
although showing many points of difference. 

Comment.—F urther field work in 1903 in adjacent areas indicates that a great 
graywacke and conglomerate series rests unconformably against the rocks of the iron 
range, thus adding another point of similarity of this range to the Vermilion iron 
range of Minnesota. 

L. C. Graton. ‘Up and Down the Mississaga.”” Report of the Bureau of 

Mines, Ontario, 1903, pp. 157-72. 

Graton reports on a geological reconnaissance along the Mississaga River and 
east and west along Niven’s baseline in the district of Algoma. Laurentian granites 
occupy all of the area north of township 188, where was found a greenish slate con- 
glomerate belonging to the Huronian. 


W.G. MILLER. “Iron Ranges of Northern Ontario.” Report of the Bureau 
of Mines, Ontario, 1903, pp. 304-17. 
Miller gives a résumé of the occurrence of iron ore in northern Ontario, and 


incidentally discusses their geological relations. 


A. P. COLEMAN. “Iron Ranges of Northwestern Ontario.” Report of the 

Bureau of Mines, Ontario, 1g02, pp. 128-51. 

Coleman gives results of an examination of the iron ranges of northwestern 
Ontario, principally the Mattawan, Atikokan, Steep Rock Lake, and other districts 
along the Canadian Northern Railway, the Slate Islands in Lake Superior, and near 
Dryden on the Canadian Pacific. The description of the details of the districts 
contains but few references to general stratigraphy and correlation, but at the end 
a general classification of the iron ores of Canada is given. ‘lo the upper part of the 
Lower Huronian (Archean of the U. S. Geological Survey) are referred the siliceous 
and sideritic iron ranges occurring in practically every iron-bearing area in Ontario, 
but being mined at only one place, at the Helen mine in the Michipicoten district. 
l'o the lower part of the Lower Huronian are referred the magnetite lenses in green 
schists of the Atikokan district and the titaniferous magnetite, occurring as segrega- 
tions in basic eruptives, especially gabbro. To the Grenville series “probably 
Huronian” are referred the magnetite and hematite ores associated with bands of 
crystalline limestone and gneiss of eastern Ontario. Tothe Animikie or Lower Huronian 
(Upper Huronian of the U.S. Geological Survey) are referred impure siderite and 
hematite occurring in the neighborhood of Thunder Bay and also near Algoma. To 
the Pleistocene are referred the bog and lake ores and postglacial magnetic sands 


occurring widely in Ontario and especially in the eastern part. 
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A. P. COLEMAN. ‘“ Nepheline and Other Syenites Near Port Coldwell,”’ 

Ontario. American Journal of Science, Vol. CLXIV (1902), pp. 147-55. 
See also Refort of Ontario Bureau of Mines for (1902), pp. 208-13. 

Coleman describes nepheline and other syenites near Port Coldwell, Ontario, 

und calls attention to their widespread distribution in Ontario and the United 


States. 


W.G. MILLER. “ Nepheline Syenite in Western Ontario,” American 

Geologist, Vol. XXXII (1903), pp. 182-85. 

Miller describes bowlders of nepheline syenite near Sturgeon Lake, northwest of 
Lake Superior, indicating the occurrence of rocks of this character in the pre- 
Cambrian rocks farther north. 

R. G. MCCONNELL. “Note on the So-called Basal Granite of the Yukon 

Valley.” American Geologist, Vol. XXX (1902), pp. 55-62. 

McConnell describes the granite gneiss of the upper part of the Yukon Valley, 
extending from the Nordenskiold River in a northwesterly direction across the 
White River valley to the Tanana, and down this stream to near the mouth of the 
Delta River a total distance of about 380 miles—-and concludes that a part of the 
gneisses at least must be regarded as intrusive through, and therefore younger than, 
the clastic schists associated with them. It is still possible, however, as the work 
done so far has been largely of an exploratory character, that older gneisses may be 
present in the district, but no evidence of this was obtained in the course of the 


investigation. 


O. H. HERSHEY. “Structure of the Southern Portion of the Klamath 
vist, Vol. XXXII (1903), pp. 





Mountains, California.” American Ge 

23! 45. 

Hershey discusses the structure of the southern portion of the Klamath 
Mountains, of California Ihe oldest rocks in the mountains west of the Sacramento 
River are the Abrams mica-schists, 1,000 feet thick, and overlying it the Salmon 
hornblende-schist, known to be at least 2,500 feet thick, both of them supposed to be 
of pre-Cambrian age, probably Algonkian, and possibly Archean. The Abrams 
mica-schist is a sedimentary rock, and the Salmon hornblende-schist is a metamorphosed 
volcanic ash. he Klamath schists form the central ridge of the Klamath region. 
They are bordered on the west by a great, unsymmetrical geosyncline, and on the east 
by the western limb of another great geosyncline. The first geosyncline is limited on 
the west by another belt of schist, chiefly the Abrams mica-schist, which forms the 
South Fork Mountain and is prolonged northwestward to and probably across the 
Klamath River near Wichiper. The sandstones of the Coast Range region adjoin 
this schist belt on the west. According to Mr. Diller, toward the north, 
approaching the Klamath River, long narrow belts of schist alternate with narrow 
belts of sandstone, the latter dipping eastward as though going under the schists. 
Chis apparent anomaly is evidently due to a series of faults. It is further evident 
that the Coast Range formations have buried the western portion of the schist belt 
which may extend, immediately under the sandstone, far toward the coast. 

rhe eastern schist belt emerges from beneath the Cretaceous sandstones and 


shales in the Sacramento valley west of Ono, with a width of eight miles and 
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radually increases as it advances northward to a maximum of about twelve miles 
west of Scott Valley. Southward from the Trinity River, the pre-Paleozoic area is 


ipied chiefly by the Abrams mica-schist, the hornblende-schist being confined to 


narrow strips, but northward from the Trinity River the hornblende-schist spreads 
it and finally nearly excludes the mica schist as in the valley of the South Fork of 
the Salmon River Still farther north, in the mountains west of Scott Valley, the 


mica-schist has again asserted its supremacy 


© H. HERSHEY ‘*Some Crystalline Rocks of Southern California.”” .dmert- 


wm Geologist, Vol, NXILX (1902), pp. 273-90, 


g 
Hershey describes the results of a brief examination of the Fraser Mountain 
ind Sierra Pelona regions, and portions of the Tehachapai, Sierra Madre, and San 


Bernardino ranges, together with quite an extended section of Mohave desert, all 


m prise n the counties of Los Angeles, Ventura, Kern, and San Bernardino of 
California Ihe ystalline rocks are discriminated under the following heads: (1) 
“The Pelona Schist Series; (2) “The Gneiss Series;” (3) “The Rocks of 
Fraser Mountain and Vicinity; (4) “The Mesozoic Granites ;” (5s) “The 
Ravenna Plutonic Series; (6) * The Gneiss Near Barstow;” (7) “ The Quartz- 
te-Limestone Series of Oro Grande ; (8) “The Schists in Cajon Pass.” 


The Pelona schist series and the adjacent gneisses, the rocks of Fraser Mount 


iin and vicinity, and the gneiss near Barstow are tentatively correlated with the 
\bran hist of the Klamath region in a general way, and are considered pre 
Pak c, perhaps in part Archwan and in part Algonkian. 


W. LinpGREN “The Gold Belt of the Blue Mountains of Oregon.” Zwen 
ty-second Annual Report of the U.S, Geological Survey, Part 11, tgoo 
a 


Ig0l, pp. 551 


Lindgren describes and maps the geology of the gold belt of the Blue Mountains 


if Oregon. Gneiss, referred to the Archwan, occurs northwest of Blue Mountain above 

La be view mine 

BAILEY WILLIS ‘Stratigraphy and Structure, Lewis and _ Livingston 
Ra s, Montana.’ Bulletin of the Geological Society of America, Vo 





\V s des maps the stratigraphy and structure ot the Lewis and Liv 
nygston Range f the Front Range of the Northern Rocky Mountains of Montana and 
\ rt Lew ind Livingston Ranges consist of stratified rocks of Algonkian age, 
. ne fossils which were found by Weller in the lowest limestone of the 

in t W t as probably being Beltina lanai, the species of crus 

: ; ré nt Grayson shales of the Belt Mountains. ~The Algonkian serie 

' f limestone, ar te. an juartzite, classified in tive formations, and aggre 

6 feet in t ne The formations are the Kintla argillite, 

Sher ' juartzite, Sive mestone, Grinne urgillite, and Appekunny argillite 
l r pparent nformity throug! it lhe series is so situated with reference to 
the t wer or upper stratigraphic mit could be determined Dr. G 
M. Dawsot issified wit trata as Cambrian, Carboniferous, and ‘Triassic, but it is 
certain " verthrust faults for uncontormities, and wa 
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Igneous rocks occur sparingly in the Algonkian series. An intrusive sheet of diorite 
is extensive in the upper limestone formation and an extrusive flow of diabase caps it. 

rhe Algonkian strata form a syncline whose axis trends west of north. South- 
western dips vary from 5° to 30°. Northeastern dips are generally 30° to 40°, and 
locally approach or pass verticality. Minor flexures within the syncline are very broad 
and low. ‘The northeastern limit of the fold is an eroded margin; the southwestern 
is an anticlinal axis whose western limb is in part eroded, in part thrown down by a 
normal fault along North Fork Valley Syncline and anticlines are closely related to 
valley and ridge respectively, and this relation extends to heights of peaks. 

Along its eastern margin the oldest Algonkian formation rests upon Cretaceous 
rocks. ‘The outcrop of this abnormal contact is deeply sinuous throughout the stretch 
from Saint Mary Lake to Waterton Lake. ‘The structure is described as an over 
thrust fault, on which the Algonkian series has moved northeastward relatively ove 
the Cretaceous rocks. The displacement on the thrust surface is 7 miles or more, and the 
vertical throw is estimated at 3,400 feet or more. The thrust surface dips from 0° to 10 
southwestward, and strikes variously from north to north 60° west. ‘Thus it is warped, 
and this warping is found to determine the general outline of the eastern face of the 
Rocky Mountains, particularly the prominence of Chief Mountain, and the relative 


position of the Lewis Range, en echelon to the Livingston. 


W.H. WEED. ‘Geology and Ore Deposits of the Elkhorn Mining District, 
Jefferson County, Montana.”” T7wenty-second Annual Report of the U.S. 
Geological Survey, Part II, tg00~1g01, pp. 399-549. 

Weed describes and maps the geology of the Elkhorn mining district of Montana. 

Doubtfully referred to the Algonkian are the Turnley hornstones. ‘The lower division 


is 200 feet thick and consists of shale metamorphosed to a very dense hornstone com 


posed of light brown biotite and quartz. A bed of impure iron ore 20 to 30 feet 
thick curs in the middle lower part of the formation. ‘The quartzitic hornstones 
verlie the basal beds just noted and are 200 feet thick. The rocks, though well 
bedded, are very dense and hard, and are of a wray-black color, so that they closely 
resemble the andesites. In color, composition, and relation to the overlying quartzite 


the rocks correspond to the red Spokane shale of the Belt terrane seen at Whitehall, 


20 miles south, at Townsend to the east, and at Helena on the north 


W. S. TANGIER SMmitH. “Geology of the Hartville Quadrangle of Wyom 


ng.’ Geo: gl Atlas of the VU. aioe Hartville Folio, No. gol, U. S. 


Geological! Survey, 1903, pp. I-0. 


Smith (W. S. Tangier ) describes the geology of the Hartville quadrangle of 
Wyoming The Whalen group, ass ened to the Algonkian, consists of gneisses, 
ts, quartzites, and limestones, all very schistose, the schistosity standing nearly 
vert These r ) r principally in the northeastern part of the quadrangle. 
(uartzites and micaceous schists form the greater part of the exposed rocks of the 
Whalen group, and in places they grade into each other, so that no definite separation 
in be made Some of the quartzites are more or less calcareous. Iron ore occurs 
W n and near the contact of the limestones and schists of the Whalen group on the 
west le of Whalen Canyon Information at hand is not sufficient to decide whether 
there are several ore-bearing horizons or a single horizon repeated by folding. Ore 
1 nit ut Sunrise 
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F. L. RANSOME. ‘Ore Deposits of the Rico Mountains, Colorado. 7wenty 
second Annual Report of the U. S. Geological Survey, Part II, 1goo 
IgOI, pp. 229-397. 
Ransome describes the ore deposits of the Rico Mountains, Colorado, and inci 

dentally summarizes the geology of the area, referring the reader to a previous paper 

by Cross and Spencer' for further details. The Algonkian rocks consist of quartzites 
and schists, exposed just north of Rico and in the canyon of Silver Creek. They 


appear as fault blocks, in the heart of the dome, thrust up from below into the later 
j 


beds 


WHITMAN Cross. ‘ Geology of the Silverton Quadrangle, Colorado.” From 
Bulletin No. 182, U. S. Geological Survey, 1901, by F. L. RANSOME. 
Cross summarizes the geology of the Silverton quadrangle, Colorado, for Ransome’s 

bulletin on the economic geology of this quadrangle. Algonkian quartzites and 

schists appear beneath the volcanics where the Animas River and the Uncompahgre 


River and its tributaries cut through the volcanics. 


Irrigation. By F.H. Newerr. New York: T. Y. Crowell & Co. 

Mr. NEWELL’s book is written from the economic and social point 
of view, and emphasizes the importance of irrigation as a national 
problem. For this reason the general reader, as well as the person 
directly concerned in home-making in the arid West, will read the 
work with interest. Guided by his extensive experience with problems 
of irrigation, the author contrasts the present scanty occupation of the 
western two-fifths of the United States with the possibilities for home- 
making when the present water supply shall have been properly con 
served. 

At the present time 7,300,000 acres are under irrigation, while the 
natural water supply is sufficient for ten times that acreage. The success 
already attained in this small fraction of the area abundantly justifies 
the national expense already incurred, and becomes the basis for 
urging national aid in bringing greater areas under irrigation. Cer- 
tainly the addition of 60,000,000 acres, equivalent to two states the 
size of Pennsylvania, to the present productive area of the public 
domain is an expansion in the right direction. ‘The fact that these 
lands capable of irrigation are distributed, oasis like, through regions 
which must always yield but scanty returns, and that these areas have 
a calculable productivity equal to the best land in humid states, are 

‘WHITMAN CROSS AND A. C. SPENCER, “Geology of the Rico Mountains, Colo 


rado,” Twenty-first Annual Report of the U. S. Geological Survey, Part I1, 1899-1900, 
pp. 1-165; summarized in JOURNAL OF GEOLOGY, Vol. X (1902), p. 910. 
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convincing arguments for national control, and for protection from 
speculative monopoly. 

The author lays much stress upon the fact that problems arise from 
irrigation that cannot be successfully handled by individuals or even 
by states. ‘The setting apart of forest lands for the regulation of the 
water supply; the building of reservoirs for impounding the head- 
waters of streams; the adjusting of water rights on streams that cross 
state lines; the establishing of experiment stations ; and the investiga- 
tion of a wide range of conditions of water supply and the adaptation 
of crops to climate and soil—these are subjects for an authority which 
can act in a disinterested way for all concerned. 

As the book is intended for popular reading, it is in no sense a 
manual, though the practical man will find that fundamental principles 
have been so clearly stated, and happily illustrated by photographs 
and diagrams, that he can judge intelligently concerning his own 
particular conditions, and avoid expenditure on ill-advised schemes. 
The manner in which the author deals with the questions of artesian 
water, the building of dams and ditches, the use of windmills as a 
source of power, the methods of measuring water, and the means of 
conducting water to land in a great variety of situations, must appeal 
to the common-sense of every practical farmer. 

Sixty-two plates and ninety-four diagrams admirably supplement 
the lucid text. Among the cartograms are a number that show in a 
striking way the relative size of western states as compared with the 
Atlantic states, and are well calculated to impress the reader with the 
vastness of the area with which the book deals. If the book were 
supplied with definite references to the wide literature of the field, it 
would be of more use to students; but as it is, it furnishes an excellent 


introduction to the subject. 
L. H. Woop. 


Gems and Gem Minerals. By QLIVER CUMMINGS FARRINGTON, 
Pu.D., Curator of Geology, Field Columbian Museum. Pp. 
229+ xii. Chicago: A. W. Mumford, 1903. 

In this book it has manifestly been the intention of the author to 
make the treatment of the subject as non-technical as possible. Atthe 
same time, scientific terms have been used whenever these were neces- 
sary to give the matter accuracy and definiteness. The subject asa 
whole has been discussed from the mineralogical standpoint, each gem 


being considered under the mineral species to which it belongs. Fol- 
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lowing this idea, ruby and sapphire are treated under corundum; 
emerald and aquamarine, under beryl, etc. 

\t the outset a brief discussion of the nature of gems is given, and 
the characteristics or qualities for which they are prized are enumerated. 
Following a few pages devoted to the geographical and geological 
occurrences of gems, the more common methods of gem-mining are 
described. Since the coloring of gems is one of the most essential 
features of their value, the significance and meaning of the color ele- 
ments are considered, and a list of gems is given arranged according 
to colors. ‘The subjects of luster and hardness come next, followed by 
a table showing the hardness of gem minerals. Methods for the 
determination of specific gravity are described, since herein is a reli- 
able means of distinguishing between gems of different kinds, and of 
separating false from real stones. Next comes in turn, a discussion of 
the optical properties, electrical properties, phosphorescence, and 
fluorescence of gems. ‘The crystal form of gems is then considered to 
some extent, since this characteristic often affords a ready method for 
their identification. Methods of cutting and mounting gems are given 
in some detail, and a number of line engravings have been prepared 
showing the usual forms of cutting. Next come chapters on the valu 
ation and price of gems, imitation gems, and how to detect them, 
superstitions regarding gems, and birth-stones. 

Following the general matter noted above, the individual gem 
minerals are considered, the first being the diamond. In the discus- 
sion of the diamond its characteristics are pointed out, and the diamond 
fields and the famous diamonds that have been discovered are described, 
along with much other matter of general interest. Ina similar fashion, 
the several gems afforded by the mineral species corundum are dis 
cussed ; and then come in turn spinel, beryl, chrysoberyl, tourmaline, 
topaz, garnet, opal, and all other minerals, as well as some substances 
of animal and vegetable origin which have been used to any degree 
for purposes of adornment. 

lhe book is neatly printed and bound, and contains a large num 
ber of half-tones and line engravings, as well as sixteen full-page 
illustrations in color of rare excellence. In bringing together in com 
pact form so very mue h interesting matter concerning our gem miner- 


ils, Dr. Farrington has performed a service that will be greatly 


appreciated both by the mineralogist and the general reader. 


H. | 














EDITORIAL. 


Tuat the rapid growth of special scientific nomenclatures is a 
serious burden is felt by every scientific worker. Any effort, 
accordingly, toward harmonizing conflicting usage should be and 
is welcome. Not every such effort necessarily produces final 
results, but if systematically pursued, it can hardly fail to elimi- 
nate some confusion. In the work of the United States Geolog- 
ical Survey decisions are constantly required of questions relating 
to the naming and correlating of geologic formations. In many 
instances the available evidence is so conflicting or so meager as 
to preclude final judgment. Nevertheless, if geologic work is to 
go on, and maps are to be made, a definite usage must in each 
case be authorized. These decisions establish precedents, which 
from time to time receive formal statement by the director and 
become rules. Such a code, if we may borrow the legal term, 
was published in the Zenth Annual Report of the Survey, and in 
the Zwenty-fourth Report is republished, revised, and enlarged by 
the incorporation of the precedents established in the last thirteen 
years, together with certain other changes recommended by the 
committee charged with the revision. 

In the new rules there are many minor and some major 
changes from the old. The action of the committee has been 
conservative in some directions and radical in others. In part 
the changes are seemingly retrogressive, though it is to be 
remembered that a wise progression never hesitates to abandon a 
position which experience has proved untenable. The return to 
the use of “Tertiary,” ‘‘Quaternary,” “Triassic,” and the adop- 
tion of “Ordovician” as a systematic term, with the recognition 
of the quadruple Lyellian divisions of the first-named are move- 
ments which will bring the publications of the survey into closer 
harmony with those of other organizations, and are fully war- 
ranted by the developments of the last decade. The extension of 
the criteria for the recognition of formations so as to include 
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physiographic data, and to allow fossils to be used for discrimi- 
nation as well as for correlation, will, it is believed, be generally 
approved. To meet the practical difficulties of mapping, litho- 
logic units smaller than formations may, when sufficiently 
important, be separately mapped as members or lenses. An 
effort is to be made to conform in the general plan of mapping 
to the logical categories of (a) sedimentary, (4) igneous, (c) met- 
amorphic rocks. Surficial rocks of all ages are treated as a 
subclass of sedimentaries, but are to be distinguished by patterns 
in mapping on a genetic basis. The stratified rocks of the 
Archean and Quaternary are given distinctive colors. There 
are many other changes apparent when the old and new rules 
are compared. 

Rules of nomenclature will not, unfortunately, be consistently 
applied if the interpretation be left entirely to each individual 
worker. To meet the necessities of the present case a Committee 
on Geologic Names has been constituted, to consider and decide 
the various difficulties which will inevitably arise in the varied 
work of the Geological Survey. This committee is charged with 
the inspection of all papers written by any member of the Survey 
corps, and as part of its work keeps a complete card catalogue 
of all formation names proposed or used in writings relating to 
American geology. 

The closer co-operation of the various individuals and organ- 
izations concerned in the advancement of geologic science in 
this country is surely desirable, and much misunderstanding 
and unproductive effort can certainly be eliminated if common 
usage of geologic formation names can be broughtabout. While 
a committee from the Survey, representing as it does only a part, 
even though the larger part, of American geologists, can in the 
nature of the case, have no authority over the publications of 
geologists not belonging to its own corps, yet it is hoped that 
general appreciation among geologists of the advantages of so 
doing will induce individual and independent workers to avail 
themselves of its functions, andto conform, when possible, to 
the usages of the large body of their geological colleagues gov- 


erned by its decisions. H. F. B. 
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